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ABSTRACT 
F l e x i b l e  f i b e r  metal p l a q u e s  c a n  be produced  w i t h  i n t e r n a l  
s u r f a c e  areas g r e a t e r  t h a n  500 cm2/gm, t e n s i l e  s t r e n g t h s  
g r e a t e r  t h a n  300 p s i ,  p o r o s i t i e s  o f  90% or g r e a t e r  and elec 
t r ica l  r e s i s t i v i t i e s  of 400 microhm-cm or l e s s .  Al though 
n o t  a l l  o f  t h e  v a l u e s  i n d i c a t e d  above  c a n  b e  a c h i e v e d  i n  t h e  
same p l a q u e ,  s u f f i c i e n t  d a t a  a r e  p r e s e n t e d  t o  p e r m i t  a n  e v a l u a -  
t i o n  o f  t h e  a f f e c t  of  p r o c e s s i n g  p a r a m e t e r s  upon t h e  p l a q u e  
c h a r a c t e r i s t i c s  and t o  i n d i c a t e  which f i b e r  c h a r a c t e r i s t i c s  
s h o u l d  be v a r i e d  t o  o p t i m i z e  s p e c i f i c  p l a q u e  p r o p e r t i e s .  A 
new f i b e r  t y p e  h a s  been  developed  t o  maximize t h e  i n t e r n a l  
s u r f a c e  area and p o r o s i t y .  It i s  a n t i c i p a t e d  t h a t  t h i s  mate- 
r i a l  c a n  be p r o c e s s e d  i n t o  p l a q u e s  w i t h  g r e a t e r  t h a n  90% 
p o r o s i t y  and w i t h  a n  i n t e r n a l  s u r f a c e  area i n  excess of 
800 cm2/gm. 
TABLE OF CONTENTS . 
Page 
1 1 . 0  SUMMARY ........................................... 
2 2 . 0  INTRODUCTION ...................................... 
2 . 1  Task A - R a w  Material C l a s s i f i c a t i o n  ......... 3 
4 2 . 2  Task B - S i n t e r i n g  Study ..................... 
2 . 3  Task C - P l a q u e  C l a s s i f i c a t i o n  ............... 4 
2.4 Task D - P l a q u e  Samples ...................... 4 
3 . 0  EXPERIMENTAL METHODS. APPARATUS. AND PROCEDURES ... 
3.1 Task A - R a w  M a t e r i a l  C l a s s i f i c a t i o n  ......... 
Length and Apparent D i a m e t e r  ........ 
3.1.1.1 Apparatus  .................... 
3.1 .1 .2  Procedure  .................... 
3.1 .2  Photomicrographs  ...................... 
3 . 1 . 2 . 1  Apparatus  .................... 
3.1 .2 .2  Procedure  .................... 
3.1.1 Microscopic  D e t e r m i n a t i o n s  of F i b e r  
3 . 2  Task B - S i n t e r i n g  Study ..................... 
3 . 2 . 1  S i n t e r i n g  ............................. 
3 .2 .1 .1  Apparatus  .................... 
3 .2 .1 .2  Procedure  .................... 
3 .2 .2  P o r o s i m e t r y  Measurements .............. 
3 . 2 . 2 . 1  Apparatus  .................... 
3 . 2 . 2 . 2  Procedure  .................... 
3 . 2 . 3  I n t e r n a l  S u r f a c e  Area Measurements .... 
3 , 2 . 3 . 1  Apparatus  .................... 
3.2 .3 .2  Procedure  .................... 
3.2 .4  T e n s i l e  S t r e n g t h  Measurements ......... 
3 . 2 . 4 . 1  Apparatus  .................... 
3 .2 .4 .2  Procedure  .................... 
3 . 2 . 5  E lec t r i ca l  R e s i s t i v i t y  Measurements ... 
3 . 2 . 5 . 1  Apparatus  .................... 
3 .2 .5 .2  Procedure  .................... 
3 .2 .6  D e n s i t y  Measurements .................. 
3 . 2 . 6 . 1  Apparatus  .................... 
3 .2 .6 .2  Procedure  .................... 
3.3 Task C - P l a q u e  C l a s s i f i c a t i o n  ............... 
3.3.1 T e n s i l e  S t r e n g t h ,  I n t e r n a l  S u r f a c e  
Area ,  Electr ical  R e s i s t i v i t y ,  
Po ros ime t ry  and D e n s i t y  Measurements 
5 
5 
5 
5 
5 
5 
5 
5 
6 
6 
6 
6 
6 
6 
6 
7 
7 
7 
9 
9 
9 
9 
9 
10 
10 
10 
10 
11 
11 
TABLE OF CONTENTS 
Continued 
Page 
3 . 3 . 2  
3.3.3 
3.3.1.1 Appara tus  and P rocedure  ...... 11 
11 F l e x i b i l i t y  Measurements .............. 
3 .3 .2 .1  Appara tus  .................... 11 
3 .3 .2 .2  P rocedure  .................... 11 
Elec t r i ca l  R e s i s t i v i t y  Measurements 
P e r p e n d i c u l a r  t o  t h e  F e l t i n g  P l a n e  .. 11 
3.3.3.1 Appara tus  .................... 11 
3.3 .3 .2  P rocedure  .................... 11 
4 .0  EXPERIMENTAL RESULTS AND DISCUSSION ............... 13 
4 . 1  Task A - Raw Material C l a s s i f i c a t i o n  ......... 13 
Length and Apparent  D i a m e t e r  ........ 13 
4 . 2  Task B - S i n t e r i n g  S tudy ..................... 15 
4 , 2 . 1  D e n s i t y  v e r s u s  S i n t e r i n g  Tempera ture  
Measurements ........................ 1 5  
4 . 2 . 2  P o r o s i t y  v e r s u s  S i n t e r i n g  Tempera ture  
Measurements ........................ 22 
4 . 2 . 3  T e n s i l e  S t r e n g t h  v e r s u s  S i n t e r i n g  
Temperature  Measurements ............ 28 
4 . 2 . 4  I n t e r n a l  S u r f a c e  Area v e r s u s  S i n t e r i n g  
Temperature  Measurements ............ 29  
4 . 2 . 5  Electr ical  R e s i s t i v i t y  v e r s u s  
S i n t e r i n g  Tempera ture  Measurements .. 39  
4 . 3  Task C - P l a q u e  C l a s s i f i c a t i o n  ............... 4 3  
4 . 3 . 1  S i n t e r i n g  ............................. 4 3  
4 . 3 . 2  D e n s i t y  Measurements .................. 4 3  
4 . 3 . 3  Pore  S i z e  D i s t r i b u t i o n  ................ 44 
4 , 3 . 4  T e n s i l e  S t r e n g t h  ...................... 46 
4 . 3 . 5  I n t e r n a l  S u r f a c e  Area ................. 4 7  
4 . 3 . 6  E lec t r ica l  R e s i s t i v i t y  ................ 50 
4 . 3 . 7  Normalized Data ....................... 51 
4 . 4  Task D - P l a q u e  Samples ...................... 53 
4 . 1 . 1  Microscopic  D e t e r m i n a t i o n  of F i b e r  
4 . 3 . 8  F l e x i b i l i t y  ........................... 51 
5.0 BIBLIOGRAPHY ...................................... 54 
6.0 APPENDIX .......................................... 55 
7 , O  DISTRIBUTION LIST ................................. 69 
-000- 
LIST OF FIGURES -- 
F i g .  1 Shadograph of A X 1  N i c k e l  F i b e r .  x57 
F i g .  2 Shadograph of AX2 N i c k e l  F i b e r .  x5 7 
F i g .  3 Shadograph of A X 1  Modified N i c k e l  F i b e r .  
x57 
F i g .  4 Shadograph of DX Nicke l  F i b e r .  x57 
F i g .  5 Photomicrograph  of A X 1  N i c k e l  F i b e r  S i n t e r e d  
P l a q u e .  11% Dense. S e c t i o n  i s  p e r p e n d i c u l a r  
t o  F e l t i n g  P l a n e .  x210 
F i g .  6 Photomicrograph  of AX2 N i c k e l  F i b e r  S i n t e r e d  
P l a q u e .  12% Dense. S e c t i o n  is  p e r p e n d i c u l a r  
t o  F e l t i n g  P lane .  x2 10 
F i g .  7 Photomicrograph  of AX1 Modif ied N i c k e l  F i b e r  
S i n t e r e d  P l a q u e .  10% Dense.  S e c t i o n  is 
p e r p e n d i c u l a r  t o  F e l t i n g  P l a n e .  x2 10 
F i g .  8 Photomicrograph  of DX N i c k e l  F i b e r  S i n t e r e d  
P l a q u e .  10% Dense. S e c t i o n  is  p e r p e n d i c u l a r  
t o  F e l t i n g  P l a n e .  x210 
F i g .  9 Photograph  of  As-Sintered S u r f a c e  of  A X 1  
N i c k e l  F i b e r  P laque .  X15 
F i g .  10 Photograph  of As-Sintered S u r f a c e  of  AX2 
N i c k e l  F i b e r  P laque .  X15 
F i g .  11 Photograph  of  As-Sin tered  S u r f a c e  of A X 1  
Modif ied N i c k e l  F i b e r  P l a q u e .  X15 
F i g .  12  Photograph  of As-Sintered S u r f a c e  of  DX 
N i c k e l  F i b e r  P l a q u e .  X15 
F i g .  13 D e n s i t y  v e r s u s  S i n t e r i n g  Tempera ture  f o r  
A X 1 ,  Am, and A X 1  Modified N i c k e l  F i b e r  
P l a q u e s .  
Page 
16 
16 
1 7  
17  
18 
18 
1 9  
1 9  
20 
20 
2 1  
2 1  
23 
LIST OF FIGURES 
(Cont inued)  
-- 
F i g .  14 P o r e  Volume v e r s u s  P o r e  D i a m e t e r  f o r  A X 1  
N i c k e l  F i b e r  P l a q u e s .  
F i g .  1 5  P o r e  Volume v e r s u s  Pore  Diameter  f o r  AX2 
N i c k e l  F i b e r  P l a q u e s .  
F i g .  16 Pore  Volume v e r s u s  P o r e  D i a m e t e r  f o r  A X 1  
Modif ied N i c k e l  F i b e r  P l a q u e s .  
Page 
24 . 
25 
26 
F i g .  17  T e n s i l e  S t r e n g t h  v e r s u s  S i n t e r i n g  Tempera ture  
f o r  A X 1 ,  AX2, and A X 1  Modif ied N i c k e l  F i b e r  
P l a q u e s  normal ized  t o  10% D e n s i t y .  30 
F i g .  18 Flow Rate v e r s u s  D e n s i t y  and S i n t e r i n g  Tempera- 
t u r e  f o r  A X 1  N i c k e l  F i b e r  P l a q u e s  a t  a P r e s s u r e  
Drop of  0 . 1  i n c h  of H20 and a t h i c k n e s s  of 
0.030 i n c h .  33 
F i g .  19 Flow Ra te  v e r s u s  D e n s i t y  and S i n t e r i n g  Tempera- 
t u r e  for AX2 N i c k e l  F i b e r  P l a q u e s  a t  a P r e s s u r e  
Drop of 0 .1  i n c h  of H20 and a t h i c k n e s s  o f  
0.030 i n c h .  34 
F i g .  20 Flow R a t e  v e r s u s  D e n s i t y  and S i n t e r i n g  Tempera- 
t u r e  for A X 1  Modif ied N i c k e l  F i b e r  P l a q u e s  a t  a 
P r e s s u r e  Drop of  0 . 1  i n c h  of H20 and a t h i c k n e s s  
of 0.030 i n c h ,  35 
F i g .  2 1  I n t e r n a l  S u r f a c e  Area v e r s u s  S i n t e r i n g  Tempera- 
t u r e  for A X 1 ,  Am, and A X 1  Modif ied N i c k e l  
F i b e r  P l a q u e s .  36 
F i g .  22 Photomicrograph  of  A X 1  N i c k e l  F i b e r  P l a q u e  
S i n t e r e d  a t  1600'F. S e c t i o n  is p e r p e n d i c u l a r  
t o  F e l t i n g  P l a n e .  x2 10  38 
F i g .  2 3  Photomicrograph  of  A X 1  N i c k e l  F i b e r  P l a q u e  
S i n t e r e d  a t  2000'F. S e c t i o n  is  p e r p e n d i c u l a r  
t o  F e l t i n g  P l a n e .  x210 38 
LIST OF FIGURES -- 
F i g .  1 
F i g .  2 
F i g .  3 
! F i g .  4 
F i g .  5 
F i g .  6 
F i g .  7 
F i g .  8 
F i g .  9 
F i g .  10  
F i g .  11 
F i g .  12  
F i g .  13 
Shadograph of A X 1  N i c k e l  F i b e r .  x57 
Shadograph of  AX2 Nicke l  F i b e r .  x57 
Shadograph of  A X 1  Modified N i c k e l  F i b e r .  
x57 
Shadograph of DX Nicke l  F i b e r .  x57 
Photomicrograph  of A X 1  N i c k e l  F i b e r  S i n t e r e d  
P l a q u e .  11% Dense. S e c t i o n  i s  p e r p e n d i c u l a r  
t o  F e l t i n g  P l a n e .  x2 10 
Photomicrograph  of  AX2 N i c k e l  F i b e r  S i n t e r e d  
P laque  12% Dense . S e c t i o n  is p e r p e n d i c u l a r  
t o  F e l t i n g  P l a n e .  X210 
Photomicrograph  of A X 1  Modif ied N i c k e l  F i b e r  
S i n t e r e d  P l a q u e .  10% Dense.  S e c t i o n  is 
p e r p e n d i c u l a r  t o  F e l t i n g  P l a n e .  x2 10 
Photomicrograph  of DX N i c k e l  F i b e r  S i n t e r e d  
P laque .  10% Dense. S e c t i o n  is p e r p e n d i c u l a r  
t o  F e l t i n g  P l a n e .  x210 
Photograph  of  As-Sintered S u r f a c e  of A X 1  
N i c k e l  F i b e r  P laque .  X 1 5  
Photograph  of As-Sintered Surf  ace of AX2 
N i c k e l  F i b e r  P l a q u e .  X 1 5  
Photograph  of As-Sintered S u r f a c e  of A X 1  
Modif ied N i c k e l  F i b e r  P l a q u e .  X 1 5  
Photograph  of As-Sintered S u r f a c e  of  DX 
N i c k e l  F i b e r  P l a q u e .  X 1 5  
D e n s i t y  v e r s u s  S i n t e r i n g  Tempera ture  f o r  
A X 1 ,  AX2,  and A X 1  Modified N i c k e l  F i b e r  
P l a q u e s .  
Page 
16 
16 
17 
17 
18 
18 
1 9  
19  
20 
20 
2 1  
2 1  
23 
LIST OF FIGURES 
(Cont i nued ) 
-- 
F i g .  14 P o r e  Volume v e r s u s  Pore  D i a m e t e r  for A X 1  
N i c k e l  F i b e r  P l a q u e s .  
F i g .  15 P o r e  Volume v e r s u s  Pore  Diameter for AX2 
N i c k e l  F i b e r  P l a q u e s .  
F i g .  16 Pore  Volume v e r s u s  Pore  D i a m e t e r  f o r  A X 1  
Modif ied N i c k e l  F i b e r  P l a q u e s .  
Page 
24 
25  
26 
F i g .  17 T e n s i l e  S t r e n g t h  v e r s u s  S i n t e r i n g  Tempera ture  
f o r  A X 1 ,  AX2, and A X 1  Modif ied N i c k e l  F i b e r  
P l a q u e s  normal ized  t o  10% D e n s i t y .  30 
F i g .  18 Flow Rate  v e r s u s  D e n s i t y  and S i n t e r i n g  Tempera- 
t u r e  for A X 1  N i c k e l  F i b e r  P l a q u e s  a t  a P r e s s u r e  
Drop of  0 . 1  i n c h  of  H20 and a t h i c k n e s s  of  
0.030 i n c h .  33 
F i g .  19 Flow Rate v e r s u s  D e n s i t y  and S i n t e r i n g  Tempera- 
t u r e  f o r  AX2 N i c k e l  F i b e r  P l a q u e s  a t  a P r e s s u r e  
Drop of 0 . 1  i n c h  of  H20 and a t h i c k n e s s  of 
0.030 i n c h .  34 
F i g .  20 Flow Rate v e r s u s  D e n s i t y  and S i n t e r i n g  Tempera- 
t u r e  for A X 1  Modif ied N i c k e l  F i b e r  P l a q u e s  a t  a 
P r e s s u r e  Drop of  0 . 1  i n c h  of  H20 and a t h i c k n e s s  
of  0 .030  i n c h ,  35 
F i g .  2 1  I n t e r n a l  S u r f a c e  Area v e r s u s  S i n t e r i n g  Tempera- 
t u r e  f o r  A X 1 ,  AX2, and A X 1  Modif ied N i c k e l  
F i b e r  P l a q u e s ,  36 
F i g .  22 Photomicrograph  of A X 1  N i c k e l  F i b e r  P l a q u e  
S i n t e r e d  a t  1600'F. S e c t i o n  is  p e r p e n d i c u l a r  
t o  F e l t i n g  P l a n e .  x2 10  38 
F i g .  2 3  Photomicrograph  of A X 1  N i c k e l  F i b e r  P l a q u e  
S i n t e r e d  a t  2000'F. S e c t i o n  i s  p e r p e n d i c u l a r  
t o  F e l t i n g  P l a n e .  x2 10  38 
LIST OF TABLES -- 
Page 
TABLE I ,  
TABLE 11. 
TABLE 111. 
TABU I V .  
TABLE V. 
TABLE V I .  
TABLE V I 1  . 
Summary of Frequency T a b u l a t i o n  Data 
f o r  t h e  Length and Apparent  D i a m e t e r  
of A X 1 ,  AX2, A X 1  Modif ied  and DX 
N i c k e l  F i b e r .  
D e n s i t y  v e r s u s  S i n t e r i n g  Tempera tu re  
of N i c k e l  F i b e r  Metal P l a q u e s .  
Summary of P o r o s i m e t r y  Data f o r  A X 1 ,  
AX2, and A X 1  Modif ied  N i c k e l  F i b e r  
Metal P laques .  
S i n t e r i n g  Temperature  and T e n s i l e  
S t r e n g t h  Data f o r  A X 1 ,  AX2, and A X 1  
Modif ied Nicke l  F i b e r  Metal P l a q u e s .  
Permeabi l i ty  C o e f f i c i e n t s ,  S u r f a c e  Area 
and O r i e n t a t i o n  Factor for P l a q u e s  made 
from Wire. 
Permeabi l i ty  C o e f f i c i e n t s  f o r  A X 1 ,  AX2 
and A X 1  Modified Nickel F i b e r  P l a q u e s  
S i n t e r e d  a t  V a r i o u s  Tempera tu res .  
S p e c i f i c  S u r f a c e  Area of A X 1 ,  AX2, and 
A X 1  Modified Nickel F i b e r  Metal P l a q u e s  
S i n t e r e d  a t  V a r i o u s  Tempera tu res .  
TABLE V I 1 1  . Elec t r ica l  R e s i s t i v i t y  and D e n s i t y  f o r  
A X 1 ,  A X 2 ,  and A X 1  Modif ied  N i c k e l  F i b e r  
P l a q u e s  S i n t e r e d  a t  V a r i o u s  Tempera tu res .  
TABLE I X .  D e n s i t y  of Nicke l  F i b e r  Metal P l a q u e s  
S i n t e r e d  a t  1900+15"F. 
TABLE X. D e n s i t y ,  Median Pore S i z e  and Volume of 
P o r o s i t y  due t o  Pores 10 t o  50 Microns  
i n  D i a m e t e r  of N i c k e l  F i b e r  Metal P l a q u e s  
S i n t e r e d  a t  1900515°F. 
14 
22 
27 
28 
31 
32  
3 7  
40 
44 
46 
LIST OF FIGURES 
(Con t inued)  
-- 
Page  
F i g .  24 Elec t r i ca l  R e s i s t i v i t y  v e r s u s  D e n s i t y  o f  
A X 2  N i c k e l  F i b e r  Metal. 4 1  
F i g .  25 Elec t r i ca l  R e s i s t i v i t y  v e r s u s  S i n t e r i n g  
Tempera ture  f o r  A X 1 ,  AX2, and A X 1  Modif ied  
N i c k e l  F i b e r  P l a q u e s  n o r m a l i z e d  t o  15% 
D e n s i t y .  42  
F i g .  26 Pore Volume v e r s u s  Pore D i a m e t e r  f o r  A X 1 ,  
AX2, and A X 1  Modif ied  Nickel F i b e r  P l a q u e s  
S i n t e r e d  a t  1900 OF. 
F i g .  27 Flow Rate v e r s u s  D e n s i t y  a t  a P r e s s u r e  Drop 
of  0 . 1  i n c h  of H20 and a t h i c k n e s s  o f  0.030 
i n c h  f o r  A X 1 ,  A D ,  and A X 1  Modif ied  N i c k e l  
F i b e r  P l a q u e s  S i n t e r e d  a t  1900°F,  
-000- 
4 5  
4 9  
LIST OF TABLES 
-_. 
(Continued)  
TABLE X I .  D e n s i t y  and T e n s i l e  S t r e n g t h s  of 
N i c k e l  F i b e r  Metal P l a q u e s  S i n t e r e d  
a t  1900-t15"F0 
TABLE X I 1  . D e n s i t y  and Flow R a t e  Data f o r  N i c k e l  
F i b e r  Metal P l a q u e s  S i n t e r e d  a t  
1900k15"F. 
TABLE X I 1 1  . S p e c i f i c  Sur face  Areas for Nicke l  
F i b e r  Metal P laques  S i n t e r e d  a t  
1900+15"F. 
TABLE X I V .  
TABU3 XV. 
TABLE X V I ,  
Page 
__L 
47 
47  
48 
D e n s i t y  and E l e c t r i c a l  R e s i s t i v i t y  of 
N i c k e l  F i b e r  Metal P l a q u e s  S i n t e r e d  a t  
1900k15 OF. 50 
F l e x i b i l i t y  Data for N i c k e l  F i b e r  Metal 
P l a q u e s  S i n t e r e d  a t  1900215°F. 51 
Summary of Data for D u p l i c a t e  Samples 
of Three  Grades of N i c k e l  F i b e r  Metal 
P l a q u e s  S i n t e r e d  a t  1900+15"F. 52 
TABLE X V I I  , Frequency T a b u l a t i o n  of F i b e r  Length of 
A X 1  N i c k e l  F i b e r  Sample 1. 56 
TABLE XVIII. Frequency T a b u l a t i o n  of F i b e r  Length of 
A X 1  N i c k e l  F i b e r  Sample 2 .  57 
TABLE X I X .  Frequency T a b u l a t i o n  of F i b e r  Length of 
AX2 N i c k e l  F i b e r  Sample 1. 58 
TABLE XX. Frequency T a b u l a t i o n  of  F i b e r  Length of 
AX2 N i c k e l  F i b e r  Sample 2 .  59 
TABLE XXI. Frequency T a b u l a t i o n  of F i b e r  D i a m e t e r  
of AX2 N i c k e l  Fiber Sample 1. 60 
LIST OF TABLES 
(Cont inued)  
-- 
TABLE XXII . 
TABLE X X I I  I .  
TABLE XXIV. 
TABLE XXV. 
TABLE XXVI. 
TABLE X X V I I .  
F requency  T a b u l a t i o n  of  F i b e r  D i a m e t e r  
of AX2 N i c k e l  F i b e r  Sample 2 .  
Frequency  T a b u l a t i o n  o f  F iber  Diameter 
of A X 1  N i c k e l  F i b e r .  
Frequency  T a b u l a t i o n  of F i b e r  Leng th  
of A X 1  Modif ied  N i c k e l  F iber  
Frequency  T a b u l a t i o n  of F iber  D i a m e t e r  
of A X 1  Modif ied  N i c k e l  F i b e r .  
Frequency  T a b u l a t i o n  of F iber  Length  
of DX N i c k e l  F ibe r .  
Frequency  T a b u l a t i o n  of F ibe r  D i a m e t e r  
of DX Nickel F ibe r .  
TABLE X X V I I I .  F requency  T a b u l a t i o n  of F ibe r  T h i c k n e s s  
of DX N i c k e l  F i b e r .  
Page 
61 
62  
63 
64 
65 
66 
68 
-000- 
1.0 SUMMARY 
T h i s  r e p o r t  c o n c l u d e s  a n  i n v e s t i g a t i o n  o f  t h e  u s e  of  t h r e e  
g r a d e s  o f  n i c k e l  f i b e r  m e t a l  f o r  t h e  m a n u f a c t u r e  of  b a t t e r y  
p l a q u e s .  I n  g e n e r a l ,  the  o b j e c t i v e  o f  t h e  program w a s  t o  
p roduce  b a t t e r y  p l a q u e s  w i t h  maximum i n t e r n a l  s u r f a c e  area,  
p o r o s i t y ,  and t e n s i l e  s t r e n g t h  and minimum e l ec t r i ca l  
r e s i s t i v i t y .  T h i s  r e p o r t  i n c l u d e s  a d e s c r i p t i o n  of  t h e  
f i b e r s  u s e d ,  t h e  r e s u l t s  of a s i n t e r i n g  i n v e s t i g a t i o n  and  
t h e  c h a r a c t e r i s t i c s  o f  s i n t e r e d  n i c k e l  f i b e r  metal p l a q u e s .  
The d a t a  p r e s e n t e d  show t h a t  f l e x i b l e  f i b e r  metal p l a q u e s  
c a n  be produced  w i t h  i n t e r n a l  s u r f a c e  areas g r e a t e r  t h a n  
500 cm2/gm, t e n s i l e  s t r e n g t h s  g r e a t e r  t h a n  300 p s i ,  po ros -  
i t i e s  o f  90% or g r e a t e r  and e l ec t r i ca l  r e s i s t i v i t i e s  o f  
400 microhm-cm or less .  Although not  a l l  o f  t h e  v a l u e s  
i n d i c a t e d  above  c a n  be ach ieved  i n  t h e  same p l a q u e ,  s u f f i -  
c i e n t  data  are p r e s e n t e d  t o  permit a n  e v a l u a t i o n  o f  t h e  
a f f e c t  of  p r o c e s s i n g  p a r a m e t e r s  upon t h e  p l a q u e  character-  
i s t i c s  and t o  i n d i c a t e  which f i b e r  c h a r a c t e r i s t i c s  s h o u l d  
be v a r i e d  t o  o p t i m i z e  s p e c i f i c  p l a q u e  p r o p e r t i e s ,  Toward 
t h i s  e n d ,  a new f i b e r  t y p e  h a s  been d e v e l o p e d ,  a d e s c r i p -  
t i o n  o f  which is  i n c l u d e d ,  t o  maximize t h e  i n t e r n a l  s u r f a c e  
area and p o r o s i t y .  I t  is  a n t i c i p a t e d  t h a t  t h i s  material  
c a n  be p r o c e s s e d  i n t o  p l a q u e s  w i t h  g r e a t e r  t h a n  90% p o r o s i t y  
and  w i t h  a n  i n t e r n a l  s u r f a c e  area i n  excess o f  800 c m  /gm. 2 
I n  g e n e r a l ,  t h i s  i n v e s t i g a t i o n  has shown t h a t  f i b e r  metal 
b a t t e r y  p l a q u e s  have  p r o p e r t i e s  e q u i v a l e n t  t o  or b e t t e r  
t h a n  b a t t e r y  p l a q u e s  manufac tured  from c u r r e n t l y  a v a i l a b l e  
materials. I n  p a r t i c u l a r ,  t h e  h i g h  p o r o s i t i e s  a t t a i n a b l e ,  
the  f l e x i b i l i t y ,  and t h e  wide r a n g e  of  p o r e  s i ze s  a v a i l -  
able  are p r o p e r t i e s  i n  which f i b e r  metal p l a q u e s  e x c e l .  
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2 .0  INTRODUCTION 
T h i s  program, f o r  t h e  p r e p a r a t i o n  and e v a l u a t i o n  o f  f i b e r  
metal n i c k e l  b a t t e r y  p l a q u e s ,  is  i n t e n d e d  t o  charac te r ize  
t h e  r a w  mater ia l s ,  d e f i n e  t h e  s i n t e r i n g  p a r a m e t e r s ,  and 
measure t h e  s i n t e r e d  p l a q u e  p r o p e r t i e s  of b a t t e r y  p l a q u e s  
made f rom three  g r a d e s  of  n i c k e l  f i b e r .  I n  g e n e r a l ,  t h e  
o b j e c t i v e  o f  t h e  program is t h e  deve lopment  o f  n i c k e l  
b a t t e r y  p l a q u e s  h a v i n g  minimum a p p a r e n t  d e n s i t y  and elec- 
t r i c a l  r e s i s t i v i t y  and maximum t e n s i l e  s t r e n g t h ,  i n t e r n a l  
s u r f a c e  area, and f l e x i b i l i t y .  
The program is based on t h e  t e c h n o l o g y  cal led F i b e r  Metal- 
l u r g y .  The p r i m a r y  pu rpose  of t h e  m a n u f a c t u r e  o f  f i b e r  
metal is  t o  p roduce  s i n t e r e d  metals h a v i n g  c o n t r o l l e d  
p o r o s i t y ,  p o r e  s i ze ,  s u r f a c e  a rea ,  and p e r m e a b i l i t y .  The 
a d v a n t a g e s  o f  u s i n g  metal f i b e r s  o v e r  o t h e r  f o r m s  o f  raw 
material are:  
P o r o s i t y  Range 
A w i d e r  p o r o s i t y  r a n g e  c a n  be a c h i e v e d  u s i n g  f i b e r s  
t h a n  w i t h  any  o t h e r  p a r t i c l e  form.  
C o n t r o l  o f  Pore S i z e  
F i b e r  d i ame te r  and p o r o s i t y  i n t e r a c t  t o  d e f i n e  p o r e  
s i z e .  Using  t h e  f i b e r s  selected f o r  t h i s  program,  
p o r e  s izes  r a n g i n g  f r o m  10 t o  80 m i c r o n s  c a n  be 
o b t a i n e d  a t  h i g h  p o r o s i t y  l e v e l s .  
C o n t r o l  o f  Pore S i z e  D i s t r i b u t i o n  --- 
The normal  p r o c e d u r e  f o r  m a n u f a c t u r i n g  f i b e r  me ta l  
is t o  f e l t  and s i n t e r  t o  a h i g h  p o r o s i t y ,  t h e n  com- 
p a c t  t o  t h e  d e s i r e d  p o r o s i t y .  T h i s  a f f o r d s  p r e c i s e  
c o n t r o l  of t h e  p o r e  s i z e  r a n g e ,  which decreases as 
t h e  p o r o s i t y  decreases. 
Maximum I n t e r c o n n e c t e d  P o r o s i t y  
F iber  metal s t r u c t u r e s  w i t h  p o r o s i t i e s  as  l o w  a s  
50% have  more t h a n  95% i n t e r c o n n e c t e d  p o r e s .  
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Large  S u r f a c e  Area 
F i b e r  s i ze  and s h a p e  i n t e r a c t  t o  d e f i n e  s u r f a c e  
area.  The f i b e r s  employed i n  t h i s  s t u d y  have  s p e c i f i c  
s u r f a c e  areas i n  e x c e s s  o f  450 cm2/gm. 
S t r e n g t h  
F i b e r  metal b o d i e s  have t h e  h i g h e s t  s t r e n g t h  o f  
any  mater ia l  a t  h i g h  p o r o s i t i e s .  
Formabi  lit y 
The c o m p r e s s i b i l i t y  o f  f i b e r  metal materials p e r m i t s  
c o n s i d e r a b l e  l a t i t u d e  i n  fo rming  o p e r a t i o n s .  
The work o f  t h e  program c o n s i s t e d  o f  t h r e e  p h a s e s .  The 
f i r s t  i n v o l v e d  t h e  c l a s s i f i c a t i o n  of  t h e  r a w  materials as 
t o  s i ze ,  s i ze  t o l e r a n c e ,  and s h a p e .  The second  phase  w a s  
conce rned  w i t h  d e t e r m i n i n g  t h e  s i n t e r i n g  p a r a m e t e r s  t h a t  
would p roduce  t h e  optimum combina t ion  of d e n s i t y ,  s u r f a c e  
area,  t e n s i l e  s t r e n g t h ,  po re  s ize  d i s t r i b u t i o n  and elec- 
t r i c a l  r e s i s t i v i t y .  The t h i r d  phase  c o n s i s t e d  o f  c l a s s i -  
f y i n g  p l a q u e s  of  e a c h  mater ia l ,  s i n t e r e d  unde r  t h e  
c o n d i t i o n s  d i c t a t e d  i n  t h e  second p h a s e ,  as  t o  t h e  p a r a -  
meters n o t e d  above .  
I n i t i a l l y  t w o  g r a d e s  o f  n i c k e l  f i b e r  were selected f o r  
e v a l u a t i o n .  These  g r a d e s  were d e s i g n a t e d  as A X 1  and AX2. 
A s  t h e  program p r o g r e s s e d ,  it became a p p a r e n t  t h a t  i t  
would be b e n e f i c a l  t o  s e p a r a t e  t h e  smaller d i a m e t e r  f i b e r s  
f r o m  t h e  A X 1  material and  t o  i n c l u d e  t h i s  ma te r i a l ,  d e s i g -  
n a t e d  A X 1  Modi f i ed ,  i n  t h e  program, I n  a d d i t i o n ,  a s m a l l  
q u a n t i t y  o f  a new f i b e r  t y p e ,  d e s i g n a t e d  DX, became a v a i l -  
ab le  l a t e  i n  t h e  program. Because DX f i b e r  w a s  b e l i e v e d  
t o  b e  i d e a l l y  s u i t e d  t o  t h e  a p p l i c a t i o n ,  t h e  r a w  material  
c l a s s i f i c a t i o n  p o r t i o n  o f  t h e  program w a s  comple t ed  f o r  
t h i s  f i b e r  t y p e .  
A s  i n d i c a t e d  above  t h e  program o u t l i n e  d e f i n e d  major t a s k s ,  
A-D, which a re  summarized below: 
2 . 1  Task  A - - R a w  Material C l a s s i f i c a t i o n  -- 
Each r a w  material used i n  t h e  program was c h a r a c -  
t e r i z e d  as t o  p a r t i c l e  s h a p e ,  p a r t i c l e  s i z e  and 
p a r t i c l e  s i ze  d i s t r i b u t i o n .  M i c r o s c o p i c  measurements  
o f  f i b e r  l e n g t h s  and a p p a r e n t  d i a m e t e r  were s u p p l e -  
mented by  photomicrographs  of  a s - s i n t e r e d  s u r f a c e s ,  
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2.2 
cross s e c t i o n a l  areas ,  and s h a d o g r a p h s  o f  t y p i c a l  
f i b e r s  t o  p r e s e n t  both a s t a t i s t i c a l  and v i s u a l  
d e s c r i p t i o n .  
Task B - S i n t e r i n g  S tudy -- 
I t  w a s  d e s i r e d  t o  e s t ab l i sh  t h e  h i g h e s t  s i n t e r i n g  
t e m p e r a t u r e  t h a t  would p roduce  a n  a c c e p t a b l e  amount 
of s h r i n k a g e  when t h e  s i n t e r i n g  t i m e  is  h e l d  c o n s t a n t  
a t  20 m i n u t e s .  The s i n t e r e d  p l a q u e s  r e s u l t i n g  f rom 
t h i s  p o r t i o n  o f  t h e  program were e v a l u a t e d  t o  de t e r -  
mine t h e  median pore s i z e ,  p o r e  s i z e  d i s t r i b u t i o n ,  
d e n s i t y ,  t e n s i l e  s t r e n g t h ,  i n t e r n a l  s u r f a c e  area,  and 
e l ec t r i ca l  r e s i s t i v i t y .  These  data  were used  t o  
d e f i n e  t h e  s i n t e r i n g  t e m p e r a t u r e  r e q u i r e d  t o  p roduce  
p l a q u e s  w i t h  t h e  d e s i r e d  charac te r i s t ics .  
2.3 Task C - P l a q u e  C l a s s i f i c a t i o n  -- 
P l a q u e s  p r o c e s s e d  unde r  t h e  c o n d i t i o n s  d e f i n e d  i n  
Task B were produced and e l e c t r i c a l  r e s i s t i v i t y ,  
i n t e r n a l  s u r f a c e  area, d e n s i t y ,  median p o r e  s i z e ,  p o r e  
s ize  d i s t r i b u t i o n ,  t e n s i l e  s t r e n g t h ,  and f l e x i b i l i t y  
d e t e r m i n e d .  
2.4 Task D - P l a q u e  Samples - -  
A sample  o f  each p l a q u e  upon which t h e  c l a s s i f i c a t i o n  
t e s t s  were per formed w a s  p r o v i d e d  t o  t h e  NASA Techn i -  
c a l  Di rec tor .  
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3 . 0  EXPERIMFNTAL METHODS, APPARATUS AND PROCEDURES 
3.1 Task  A - Raw Material  C l a s s i f i c a t i o n  -- -
3.1.1 Microscopic D e t e r m i n a t i o n  o f  F i b e r  Length  -- and Apparent  Diameter 
3.1.1.1 Amaratus 
L e i t z  Metallux microscope  w i t h  micrometer 
s t a g e  and g r a d u a t e d  e y e p i e c e .  
3 . 1 . 1 . 2  P rocedure  
Mic roscop ic  s l i d e s  o f  A X 1 ,  AX2, A X 1  Modi f i ed ,  
and DX n i c k e l  f i b e r s  were p r e p a r e d  by  s u s p e n d i n g  a 
t y p i c a l  sample of fibers i n  a 1% s o l u t i o n  o f  Carbopo l  
i n  water.  A sample  o f  t h i s  s o l u t i o n ,  c o n t a i n i n g  hun- 
d r e d s  o f  f i b e r s ,  w a s  p l aced  be tween t w o  g l a s s  s l i d e s .  
The s l i d e  w a s  mounted on t h e  mic romete r  s t a g e ,  i n d e x e d ,  
and viewed t h r o u g h  the  g r a d u a t e d  e y e p i e c e .  A m a g n i f i -  
c a t i o n  o f  l O O X  w a s  used f o r  l e n g t h  measurements  and 
200X f o r  a p p a r e n t  d i a m e t e r  measurements .  
To f a c i l i t a t e  measurements ,  l e n g t h  class i n t e r -  
v a l s  were d e f i n e d  as 25 m i c r o n s  and d i a m e t e r  class 
i n t e r v a l s  a s  2 . 5  mic rons .  The l e n g t h  and a p p a r e n t  
d i a m e t e r  of  e a c h  f i b e r  measured w a s  estimated t o  t h e  
n e a r e s t  c lass  i n t e r v a l .  D u p l i c a t e  samples were p r e -  
p a r e d  and measured u n t i l  t h e  r e p r o d u c i b i l i t y  o f  t h e  
t e c h n i q u e  w a s  e s t a b l i s h e d .  Frequency  t a b u l a t i o n s  
were p r e p a r e d  f o r  e a c h  sample  measured .  
3 . 1 . 2  Pho tomic rographs  
3 . 1 . 2 . 1  Appara tus  
L e i t z  M e t a l l u x  microscope  w i t h  P o l a r o i d  camera 
a t t a c h m e n t s .  
3 . 1 . 2 . 2  P r o c e d u r e  
Low m a g n i f i c a t i o n  (15X) p h o t o g r a p h s  were t a k e n  
of a s - s i n t e r e d  s u r f a c e s  o f  A X 1 ,  AX2, A X 1  Modif ied  and 
DX n i c k e l  f i be r s  s in te red  a t  1900'F. 
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M e t a l l o g r a p h i c  mounts were made of  s amples  
s i n t e r e d  a t  v a r i o u s  t e m p e r a t u r e s  by vacuum impregna t -  
i n g  them w i t h  a c a t a l y z e d  epoxy r e s i n .  Photomicro-  
g r a p h s  were t a k e n  p a r a l l e l  t o  t h e  f e l t i n g  p l a n e  a t  a 
m a g n i f i c a t i o n  o f  210X. 
Shadographs  o f  A X 1 ,  AX2, A X 1  Modif ied  and DX 
n i c k e l  f i b e r s  were o b t a i n e d  a t  a m a g n i f i c a t i o n  o f  
57X t o  p e r m i t  a v i s u a l  compar i son  of t h e  p r i m a r y  r a w  
mater ia l s .  
3 . 2  Task B - S i n t e r i n g  S tudy -- 
3.2.1 S i n t e r i n g  
3 . 2 . 1 . 1  A p p a r a t u s  
L indbe rg  r e t o r t  f u r n a c e  w i t h  a 1 2  x 26  x 8 i n c h  
h o t  zone  c a p a b l e  of  2150°F w i t h  a d r y  hydrogen  
a tmosphe re .  
B u r r e l l  l a b o r a t o r y  f u r n a c e  w i t h  a 2 i n c h  d i a m e t e r  
by 15 i n c h  l o n g  h o t  zone  c a p a b l e  of 2150°F w i t h  a d r y  
hydrogen  a tmosphe re .  
3 . 2 . 1 . 2  P r o c e d u r e  
A l l  s i n t e r i n g  w a s  done  by b r i n g i n g  t h e  f u r n a c e  
t o  t h e  a p p r o p r i a t e  t e m p e r a t u r e ,  l o a d i n g  t h e  s a m p l e s  
f u r n a c e ,  When t h e  work r e a c h e d  t h e  p r o p e r  t e m p e r a t u r e  
t h e  20  minu te  t i m e  c y c l e  w a s  begun.  A t  t h e  end o f  
t h e  c y c l e ,  t h e  r e t o r t  w a s  p u l l e d  and a i r  c o o l e d  t o  
250 "F maximum. 
I i n t o  t h e  r e t o r t  and c h a r g i n g  t h e  r e t o r t  i n t o  t h e  
3 . 2 . 2  P o r o s i m e t r y  Measurements  
3 . 2 . 2 . 1  A p p a r a t u s  
Aminco Winslow mercury  i n t r u s i o n  p o r o s i m e t e r  
w i t h  a 0 .2  c m 3  p e n e t r o m e t e r .  
3 . 2 . 2 . 2  P r o c e d u r e  
A p p r o p r i a t e  s i ze  s a m p l e s  were o b t a i n e d  f o r  
each  mater ia l  t e s t e d .  The volume of mercury  i n t r u d e d  
was measured a t  a v a r i e t y  of a b s o l u t e  p r e s s u r e s  and 
t h e  d a t a  were p l o t t e d  t o  show p o r e  s i z e  v e r s u s  volume 
i n t r u d e d .  
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3 . 2 . 3  I n t e r n a l  S u r f a c e  Area Measurements 
3 . 2 . 3 . 1  A m a r a t u s  
An a i r  p e r m e a b i l i t y  a p p a r a t u s  is employed for 
s u r f a c e  area d e t e r m i n a t i o n s .  T h i s  equipment  is d e s i g n e d  
t o  measure a c c u r a t e l y  t h e  p r e s s u r e  d r o p  across a 
permeable  sample  when t h e  sample  is exposed  t o  a C a l i -  
b r a t e d  f l o w  o f  a i r .  
3 . 2 . 3 . 2  P rocedure  
The method used  t o  d e t e r m i n e  t h e  i n t e r n a l  s u r -  
f a c e  area of  n i c k e l  f i b e r  metal p l a q u e s  is t h a t  d e s -  
c r i b e d  by Orr and D a l l a v a l l e l  w h e r e i n  t h e  p r e s s u r e  
d r o p  o f  a c a l i b r a t e d  f low o f  a i r  t h r o u g h  a bed o f  
f i n e ,  f i b r o u s ,  packed mater ia l  c a n  b e  r e l a t e d  t o  t h e  
s p e c i f i c  s u r f a c e  area of t h e  mater ia l  by means of  t h e  
Kozeny-Carman e q u a t i o n :  
where Sv = S p e c i f i c  s u r f a c e  area o f  s o l i d s ,  
s u r f a c e  a r e a / u n i t  volume o f  s o l i d s  
p r e s e n t  
gc = g r a v i t a t i o n a l  c o n s t a n t  
A. = v i s c o s i t y  of f l o w i n g  f l u i d  
V = v e l o c i t y  of f l o w i n g  f l u i d  
b P  = p r e s s u r e  d r o p  t h r o u g h  packed bed 
L = l e n g t h  o f  packed bed 
c = p o r o s i t y ;  vo id  v o l u m e / t o t a l  
packed b e d  volume 
K = Kozeny c o n s t a n t  = 4 . 5  f o r  s p h e r e s ,  
3.0 f o r  c y l i n d e r s  a r r a n g e d  p a r a l l e l  
t o  f l o w ,  6.0 f o r  c y l i n d e r s  a r r a n g e d  
p e r p e n d i c u l a r  t o  f l o w .  
1 S u p e r s c r i p t s  re fe r  t o  s i m i l a r l y  numbered e n t r i e s  i n  t h e  
b i b l i o g r a p h y .  
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T h i s  method is  r e l i a b l e  i f  t h e  p e r m e a b i l i t y  
d a t a  a r e  t a k e n  i n  t h e  s t r e a m l i n e  r e g i o n  where t h e  
f low r a t e  v a r i e s  l i n e a r l y  w i t h  t h e  p r e s s u r e  d r o p .  
Using a i r  unde r  t h e  c o n d i t i o n s  o f  s t r e a m l i n e  
f low and samples  o f  c o n s t a n t  p o r o s i t y  t h e  Kozeny- 
Carmar: e q u a t i o n  c a n  be r educed  t o  
Sv2 = K2 .AP 
VL 
The c o n s t a n t  K2 c a n  be e v a l u a t e d  by o b t a i n i n g  
p e r m e a b i l i t y  c o e f f i c i e n t s  ( A P )  f o r  s a m p l e s  o f  known 
s u r f  ace area.  VL 
For t h i s  i n v e s t i g a t i o n ,  a n  a v e r a g e  v a l u e  o f  
K2 was c a l c u l a t e d  by o b t a i n i n g  p e r m e a b i l i t y  c o e f f i -  
c i e n t s  f o r  sample  p l a q u e s  made f rom w i r e  of 0.003, 
0.004 and 0.006 i n c h  d i a m e t e r ,  
The samples  of  A X 1 ,  AX2 and A X 1  Modi f i ed  n i c k e l  
f i b e r  p l a q u e s  s i n t e r e d  a t  v a r i o u s  t e m p e r a t u r e s  were 
t e s t e d  a t  d e n s i t i e s  of  20% and 30% o f  t h e o r e t i c a l  
d e n s i t y .  A t  h i g h e r  p o r o s i t i e s  t h e  f l o w  r a t e  r e q u i r e d  
t o  p roduce  a c c u r a t e l y  m e a s u r a b l e  p r e s s u r e  d r o p s  across 
t h i n  samples  is  i n  e x c e s s  o f  3000 SCFH/ft2, ( s t a n d a r d  
c u b i c  f e e t  p e r  hour  p e r  f t 2 ) ,  which h a s  b e e n  shown 
t o  be t h e  uppe r  l i m i t  f o r  s t r e a m l i n e  f l o w .  S i n c e  
t h e  method used t o  i n c r e a s e  t h e  d e n s i t y  is a s i m p l e  
mechan ica l  compac t ion ,  t h e  s p e c i f i c  s u r f a c e  area is  
not  s i g n i f i c a n t l y  changed .  
Samples o f  A X 1 ,  AX2 and A X 1  Modi f i ed  were 
p laced  i n  a sample  h o l d e r  d e s i g n e d  t o  e l i m i n a t e d  e d g e  
e f f e c t s .  A stream of  f i l t e r e d  a i r  f rom a c o n t r o l l e d  
s u p p l y  p r e s s u r e  o f  30 p s i  w a s  p a s s e d  t h r o u g h  each 
sample a t  a r a t e  t h a t  would p r o d u c e  a p r e s s u r e  d r o p  
of 0 .1  or 1.0 i n c h e s  o f  H2O. The f l o w  r a t e  w a s  con-  
t r o l l e d  by one  of s i x  ca l ib ra t ed  o r i f i c e s ,  d e p e n d i n g  
upon t h e  f l o w  r a t e  r e q u i r e d ,  and  measured by  means 
of a mercury manometer,  which d e t e r m i n e s  t h e  p r e s s u r e  
d rop  a c r o s s  t h e  s e l e c t e d  o r i f i c e .  
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The p r e s s u r e  d r o p  a c r o s s  t h e  sample  w a s  read 
f rom a n  i n c l i n e d  water gage manometer,  c a l i b r a t e d  
i n  h u n d r e d t h s  of i n c h e s .  
P e r m e a b i l i t y  c o e f f i c i e n t s  were o b t a i n e d  a t  20% 
and 30% of t h e o r e t i c a l  d e n s i t y  f o r  A X 1 ,  AX2 and  A X 1  
Modif ied  n i c k e l  f i b e r  me ta l  p l a q u e s  s i n t e r e d  a t  1600"F,  
1800°F,  2000°F and 2150°F f o r  20 m i n u t e s .  
3 . 2 . 4  T e n s i l e  S t r e n g t h  Measurements 
3 . 2 . 4 . 1  A m a r a t u s  
H o u n s f i e l d  Tensometer w i t h  6 2 . 5  pound beam. 
T e n s i l k u T  m i l l i n g  machine w i t h  ASTM s t a n d a r d  E8-54T 
t e n s i l e  spec imen f i x t u r e  
3 .2 .4 .2  P r o c e d u r e  
P r o c e d u r e  i s  i n  a c c o r d a n c e  w i t h  ASTM s t a n d a r d  
E8-54T. 
P l a q u e s  o f  A X 1 ,  AX2 and A X 1  Modif ied  n i c k e l  
f i b e r  s i n t e r e d  a t  1600"F,  1800"F,  2000°F and 2150°F 
w e r e  impregna ted  w i t h  a low m e l t i n g  p o i n t  (275°F) 
s a l t  t o  p r e v e n t  damage t o  t h e  m a c r o s t r u c t u r e  d u r i n g  
mach in ing .  The s a l t  impregnated  p l a q u e s  were sawed 
i n t o  2 i n c h  by 6-1/2 i n c h  s t r i p s  and t e n s i l e  s p e c i -  
mens were m i l l e d  u s i n g  a T e n s i l k u T  m i l l  and f i x t u r e .  
The t e n s i l e  spec imens  had a 2 i n c h  gauge l e n g t h ,  were 
1/2 i n c h  wide and a p p r o x i m a t e l y  0.060 i n c h e s  t h i c k .  
The s a l t  w a s  l eached  f rom t h e  spec imens  u s i n g  
w a r m  w a t e r ;  t h e  spec imens  w e r e  d r i e d  and p u l l e d  u s i n g  
a H o u n s f i e l d  Tensometer .  The l o a d  r e q u i r e d  t o  b r e a k  
e a c h  spec imen was reco rded  and  t h e  o r i g i n a l  cross 
s e c t i o n a l  area w a s  used  i n  c a l c u l a t i n g  t h e  t e n s i l e  
s t r e n g t h .  D u p l i c a t e  spec imens  were t e s t e d  f o r  e a c h  
mater ia l  a t  e a c h  s i n t e r i n g  t e m p e r a t u r e .  
3 .2 .5  E l e c t r i c a l  R e s i s t i v i t y  Measurements 
3 . 2 . 5 . 1  Appara tus  
Leeds and Nor th rup  K e l v i n  B r i d g e  Model number 
4288.  
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3 . 2 . 5 . 2  P r o c e d u r e  
P r o c e d u r e  and d a t a  r e p o r t i n g  a re  i n  a c c o r d a n c e  
wi th  ASTM s t a n d a r d  A344-64. 
Samples  of  A X 1 ,  AX2 and A X 1  Modif ied  n i c k e l  
f i b e r  p l a q u e s ,  1 /2  i n c h  wide  by 1 2  i n c h e s  l o n g ,  were 
p repa red  as  d e s c r i b e d  i n  3 . 2 . 4 . 2  f o r  t h e  p r e p a r a t i o n  
of t e n s i l e  spec imens .  The c u t  s u r f a c e s  were s u r f a c e  
ground t o  e l i m i n a t e  s p u r i o u s  edge  e f f e c t s  due  t o  com- 
p a c t i o n  or s m e a r i n g ,  and t o  o b t a i n  p r e c i s e  w i d t h .  
The s t r i p s  were clamped s e c u r e l y  i n  a sample  
h o l d e r  d e s i g n e d  t o  compact t h e  f i b e r  metal be tween 
two 1/2" r a d i i  a t  e a c h  end of t h e  s t r i p .  The com- 
p a c t i n g  a s s u r e d  c o n t a c t  and c o n s t a n t  c o n t a c t  resis- 
t a n c e .  The l e n g t h  - which w a s  measured be tween t h e  
l i n e  c o n t a c t s  of t h e  r a d i i  - r e s i s t a n c e ,  and cross 
s e c t i o n a l  area o f  e a c h  s t r i p  w a s  measured and recorded. 
D u p l i c a t e  s a m p l e s  of e a c h  material  a t  e a c h  s i n t e r i n g  
t e m p e r a t u r e  were tes ted.  
3 . 2 . 6  D e n s i t y  Measurements 
3 . 2 . 6 . 1  A p p a r a t u s  
Micrometer, T r i p  b a l a n c e ,  S c a l e .  
3 .2 .6 .2  P r o c e d u r e  
The a p p a r e n t  d e n s i t y  of  f i b e r  metal s a m p l e s  is 
c a l c u l a t e d  by measu r ing  t h e  l i n e a r  d i m e n s i o n s ,  ca l -  
c u l a t i n g  t h e  volume and d i v i d i n g  t h e  volume i n t o  t h e  
weight  o f  t h e  sample ;  t h i s  is  t h e n  d i v i d e d  by  t h e  
t r u e  d e n s i t y  o f  t h e  metal. D e n s i t y  d e t e r m i n a t i o n s  
were made for e a c h  sample  as  s i n t e r e d  and f o r  e a c h  
specimen p r e p a r e d  f o r  t e n s i l e  s t r e n g t h ,  e l e c t r i c a l  
r e s i s t i v i t y ,  p o r o s i m e t r y ,  and i n t e r n a l  s u r f a c e  area 
t e s t i n g  . 
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3.3 Task C - Plaque C l a s s i f i c a t i o n  
3.3.1 Tens i l e  S t rength ,  I n t e r n a l  Surface Area, 
E lec t r ica l  R e s i s t i v i t y ,  Porosimetry and 
Density Measurements 
3.3.1.1 Apparatus and Procedure -
The appara tus  and procedure used t o  determine 
t h e s e  parameters were t h e  same as  t h o s e  used i n  
Task B f o r  t h e  same measurements. 
3.3.2 F l e x i b i l i t y  Measurements 
3.3.2 . 1 Apparatus 
S t e e l  mandrels 1/4, 1/8, and 1/16 inches  i n  
d iame t er  . 
Bausch and Lomb b inocular  microscope. 
3.3.2.2 Procedure 
S t r i p s  of each f i n a l  c o n f i g u r a t i o n  plaque 
3-1/2 inches  x 1/2 inch were prepared by s a l t  f i l l -  
i ng ,  machining and leaching. Each s t r i p  was bent  90" 
over  p rogres s ive ly  smaller mandrels and t h e  area of 
maximum bending w a s  observed f o r  damage under t h e  
microscope. Duplicate  samples of each mater ia l  w e r e  
t e s t e d .  
3.3.3 Elec t r ica l  R e s i s t i v i t y  Measurements Perpendi- 
c u l a r  t o  t h e  F e l t i n g  Plane --
3.3.3.1 Apparatus 
Leeds and Northrup Kelvin Bridge m o d e l  number 
4288. 
F ive  ton  hydraul ic  p r e s s .  
3 .3 ,3 .2  Procedure 
A sample of AX2 f i b e r  metal ,  0.75 x 0.75 x 
0.75 inches ,  w a s  f i l l e d  wi th  a ca t a lyzed  epoxy r e s i n  
and oppos i t e  f a c e s  ground p a r a l l e l .  The sample w a s  
placed between two copper b locks  1" x 1" x 1/2" t h i c k .  
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T h i s  a s sembly  w a s  p l a c e d  be tween t h e  p l a t e n s  of a 
h y d r a u l i c  p r e s s  and r e s i s t a n c e  v e r s u s  a p p l i e d  
load measurements  were made b o t h  p a r a l l e l  and  p e r -  
p e n d i c u l a r  t o  t h e  f e l t i n g  p l a n e .  
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4 .O EXPERIMENTAL RESULTS AND DISCUSSION 
4 . 1  Task  A - R a w  Material C l a s s i f i c a t i o n  -- -
4.1.1 Mic roscop ic  D e t e r m i n a t i o n  o f  F i b e r  Length  -
and Apparent  Diameter -
The meano median ,  and r a n g e  f o r  t h e  l e n g t h  
and a p p a r e n t  d i a m e t e r  o f  A X 1 ,  A X 2 ,  A X 1  Modi f i ed ,  and 
DX n i c k e l  f i b e r  were c a l c u l a t e d 2  and are summarized 
i n  T a b l e  I .  The f r e q u e n c y  t a b u l a t i o n s  f rom which 
t h e s e  d a t a  were o b t a i n e d  a r e  i n c l u d e d  as  T a b l e s  XVII 
t h r o u g h  X X V I I I  i n  t h e  Appendix. I n  a d d i t i o n ,  a f r e -  
quency  t a b u l a t i o n  w a s  made f o r  t h e  t h i c k n e s s  o f  t y p e  
DX f i b e r ,  s i n c e  t h e  r e g u l a r  s h a p e  and g r e a t e r  l e n g t h  
o f  t h i s  t y p e  f i b e r  make i t  poss ib le  t o  mount s a m p l e s  
w i t h  t h e  e n d s  of t h e  f i b e r s  normal  t o  t h e  v i ewing  p l a n e .  
The d a t a  i n  T a b l e  I i n d i c a t e  t h a t  t h e r e  i s  
l i t t l e  d i f f e r e n c e  i n  t h e  a p p a r e n t  d i a m e t e r  o f  A X 1 ,  AX2 
and A X 1  Modif ied  n i c k e l  f i b e r .  The p r i m a r y  d i f f e r e n c e s  
be tween t h e s e  t h r e e  grades a re  t h e  g r e a t e r  l e n g t h  of 
A X 1  Modi f i ed ,  which r e s u l t s  i n  i n c r e a s e d  p o r o s i t y ,  
and  i n  t h e  t h i c k n e s s  which d e c r e a s e s  i n  t h e  o r d e r  AX2, 
A X 1 ,  A X 1  Modi f i ed .  T h i s  decrease i n  t h i c k n e s s ,  which 
w a s  n o t  measured d u e  t o  t h e  d i f f i c u l t y  o f  o r i e n t i n g  
i r r e g u l a r  f i b e r s  t o  o b t a i n  a n  end v iew,  is  e v i d e n t  i n  
t h e  s u r f a c e  area measurements  which are  r e p o r t e d  i n  
s u b s e q u e n t  s e c t i o n s  of t h i s  r e p o r t .  
The A X 1  Modif ied  mater ia l ,  which w a s  s e p a r a t e d  
f rom A X 1  f i b e r  by a t e c h n i q u e  t h a t  s e p a r a t e s  a c c o r d i n g  
t o  d i a m e t e r  r e g a r d l e s s  of l e n g t h ,  is  shown t o  have  a 
l a r g e r  a p p a r e n t  d i a m e t e r  t h a n  A X 1  f i b e r .  T h i s  anomaly 
c a n  be e x p l a i n e d ,  i n  p a r t ,  by  t h e  o b s e r v a t i o n  t h a t  
many of t h e  sma l l ,  s y m e t r i c a l l y  s h a p e d ,  p a r t i c l e s  were 
e l i m i n a t e d  and t h a t  t h e  number  o f  s m a l l  f i b e r s  is 
much g r e a t e r  t h a n  t h e  number o f  l a r g e  f i b e r s ,  Conse- 
q u e n t l y ,  a s t a t i s t i c a l  d e s c r i p t i o n  is more h e a v i l y  
we igh ted  by t h e  s m a l l  f i b e r s  and t h e  mean and median 
a p p a r e n t  d i a m e t e r  o f  b o t h  mater ia ls  s h o u l d  be e x p e c t e d  
t o  be s i m i l a r .  
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TABLE I - 
SUMMARY OF FREQUENCY TABULATION DATA FOR 
THE LENGTH AND APPARENT DIAMETER OF A X 1 ,  
AX2, A X 1  MODIFIED, AND DX NICKEL FIBER 
~ 
Mat er i a 1 Diameter - Microns 
Mean Median Range 
A X 1  11.2 5 - 7.5 1- 50 
AX2 14.9 10 -12.5 1- 50 
A X 1  Mod. 13.7 8.7-11.2 1- 48 
DX 61.8 63.7-66.2 1-121 
Mat er i a 1 Length - Microns 
Mean Median Range 
A X 1  139 88-112 13-1500 
AX2 159 88-112 13-1500 
A X 1  Mod. 215 125-175 25-1375 
DX 54 0 575 25-1325 
Mater i a1 Thickness - Microns 
Me an Median Range 
DX 2.3 1.2-1.7 0.2-11.7 
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A t e s t  f o r  s i g n i f i c a n t  d i f f e r e n c e  be tween t w o  
s t a n d a r d  d e v i a t i o n s ,  t h e  F t es t=$ ,  w a s  made  f o r  s e v e r a l  
d u p l i c a t e  d e t e r m i n a t i o n s  of f i b e r  l e n g t h  and a p p a r e n t  
d i a m e t e r .  The r e s u l t s  show no s i g n i f i c a n t  d i f f e r e n c e  
a t  th . e  5% l e v e l  o f  s i g n i f i c a n c e ,  i n d i c a t i n g  t h a t  t h e  
m e a s u r i n g  t e c h n i q u e  i s  r e p r o d u c i b l e  and  t h a t  t h e  r e -  
s u l t i n g  f r e q u e n c y  d i s t r i b u t i o n s  are  t y p i c a l  of t h e  
e n t i r e  p o p u l a t i o n ,  
The data  i n  T a b l e  I f o r  t y p e  DX f i b e r  show 
t h a t  t h i s  mater ia l  has  a g r e a t e r  l e n g t h  and a p p a r e n t  
d i a m e t e r  t h a n  t h e  o t h e r  three materials.  The a p p a r e n t  
d i a m e t e r  measurement is c l e a r l y  a w i d t h  measurement 
f o r  t h i s  t y p e  f i b e r  a s  shown by p h o t o m i c r o g r a p h s .  The 
g r e a t e r  l e n g t h  p e r m i t s  p r o c e s s i n g  t o  a h i g h e r  p o r o s i t y  
w h i l e  t h e  smaller t h i c k n e s s  r e s u l t s  i n  g r e a t e r  i n t e r n a l  
s u r f a c e  area.  
I t  is e v i d e n t  t h a t  a p r e c i s e  geometrical d e s -  
c r i p t i o n  o f  t h e  f i b e r  employed i n  t h i s  program is n o t  
poss ib le .  To supp lemen t  t h e  s t a t i s t i c a l  d a t a ,  shado-  
graphs of t y p i c a l  f i b e r s  are shown i n  F i g u r e s  I - 4 .  
I n  a d d i t i o n  photomicrographs  of cross s e c t i o n a l  areas 
are  shown i n  F i g u r e s  5 - 8. These  v i s u a l  p r e s e n t a t i o n s ,  
i n  c o n j u n c t i o n  w i t h  t h e  m i c r o s c o p i c  measurements ,  p ro -  
v i d e  a n  o v e r a l l  d e s c r i p t i o n  o f  t h e  f i b e r s  and of t h e  
d i f f e r e n c e s  be tween t h e  grades o f  f i b e r .  
h w  m a g n i f i c a t i o n s  p h o t o g r a p h s  of as  s i n t e r e d  
s u r f a c e s  o f  each of t he  materials are shown i n  F i g u r e s  
9 - 1 2 .  
4 . 2  Task  B - S i n t e r i n g  S tudy  
_I- 
4 . 2 . 1  D e n s i t y  v e r s u s  S i n t e r i n g  Tempera tu re  Measure- 
ments  
The effect  o f  s i n t e r i n g  t e m p e r a t u r e ,  a t  a con-  
s t a n t  t i m e  of 20 m i n u t e s ,  upon t h e  d e n s i t y  of A X 1 ,  
A X 2 ,  and A X 1  Modif ied  n i c k e l  f i b e r  metal  p l a q u e s  is 
shown i n  T a b l e  11, These  data  are p l o t t e d  i n  F i g u r e  
13 and show a g r a d u a l  i n c r e a s e  i n  d e n s i t y  w i t h  i n c r e a s -  
i n g  s i n t e r i n g  t e m p e r a t u r e .  The e f f e c t  o f  f i b e r  l e n g t h  
upon t h e  maximum p o r o s i t y  o b t a i n a b l e  is i n d i c a t e d  by 
t h e  lower i n i t i a l  d e n s i t y  of A X 1  M o d i f i e d  p l a q u e s ,  
15 
F i g .  1 Shadograph of A X 1  N i c k e l  F i b e r  x57 
F i g .  2 Shadograph of A X 2  N i c k e l  F i b e r  x57 
16 
F i n .  3 Shadograph of A X 1  Modif ied N i c k e l  
F i b e r  
F i g .  4 Shadograph of DX N i c k e l  F i b e r  
17 
x57 
x5 7 
F i g .  5 Photomicrograph  of  A X 1  N i c k e l  f i b e r  
s i n t e r e d  p l aque  11% d e n s e .  S e c t i o n  is  p e r -  
p e n d i c u l a r  t o  f e l t i n g  p l a n e .  x210 
1 
I b 
F i g .  6 Photomicrograph  of AX2 N i c k e l  f i b e r  
s i n t e r e d  p l a q u e  12% d e n s e .  S e c t i o n  i s  p e r -  
p e n d i c u l a r  t o  f e l t i n g  p l a n e .  x2 10 
18 
-- 
F i g .  7 Photomicrograph of  A X 1  Modif ied N i c k e l  
f i b e r  s i n t e r e d  p l a q u e  10% dense .  S e c t i o n  is  D e r -  
p e n d i c u l a r  t o  t h e  f e l t i n g  p l a n e .  x210 
F i g .  8 Photomicrograph of DX N i c k e l  f i b e r  
s i n t e r e d  p l aque  10% dense .  S e c t i o n  is  pe r -  
p e n d i c u l a r  t o  t h e  f e l t i n g  p l a n e .  x210 
19  
F i g .  10 A s  s i n t e r e d  s u r f a c e  of AX2 N i c k e l  f i b e r  
p l a q u e  X 1 5  
20 
Fig. 9 A s  s i n t e r e d  surface of A X 1  N i c k e l  f i b e r  
p l a q u e  X 1 5  
F i g .  11 As s i n t e r e d  s u r f a c e  of A X 1  Modified 
N i c k e l  f i b e r  p laque  X 1 5  
F i g .  12 A s  s i n t e r e d  s u r f a c e  of DX N i c k e l  F i b e r  
plaque X15 
2 1  
TABLE I1 -
DENSITY V S  SINTERING TEMPERATURE 
of  
NICKEL FIBER METAL PLAQUES 
Mat e r  i a  1 
S i n t e r i n g  
Tempera ture  
‘F 
D e n s i t y  % 
of 
T h e o r e t i c a l  
A X 1  
AX2 
A X 1  Modified 
1600 
1800 
2000 
2150 
1600 
1800 
2000 
2150 
1600 
1800 
2000 
2150 
11.6 
1 1 , 5  
11 .7  
12 .9  
10.6 
10 .9  
11.8 
12.4 
9.0 
9 .3  
9.8 
10 .5  
which have t h e  l o n g e s t  f i b e r s ,  and t h e  h i g h e r  i n i t i a l  
d e n s i t y  of A X 1  p l a q u e s ,  which have t h e  s h o r t e s t  f i b e r s .  
For t h e  same we igh t  of n i c k e l  f i b e r ,  a b a t t e r y  p l a q u e  t h a t  
i s  10% d e n s e  c a n  t h e o r e t i c a l l y  h o l d  t w i c e  as  much a c t i v e  
m a t e r i a l  a s  a b a t t e r y  p l a q u e  18% d e n s e .  To maximize t h e  
p o r o s i t y  of n i c k e l  f i b e r  metal b a t t e r y  p l a q u e s  t h e  s i n t e r -  
i n g  t e m p e r a t u r e  shou ld  be  a s  l o w  as t h e  o t h e r  p l a q u e  
c h a r a c t e r i s t i c s  d i c t a t e .  
4 . 2  - 2  P o r o s i t y  v e r s u s  S i n t e r i n g  Tempera ture  
Measurements 
P o r e  s i z e  d i s t r i b u t i o n  v e r s u s  s i n t e r i n g  tempera-  
t u r e  data  are shown g r a p h i c a l l y  i n  F i g u r e s  1 4 ,  1 5 ,  and 
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16 f o r  A X 1 ,  AX2, and A X 1  Modi f ied  n i c k e l  f i b e r  metal  
p l a q u e s  r e s p e c t i v e l y .  The e f f e c t  of s i n t e r i n g  t empera -  
t u r e  is  shown by p l o t t i n g  t h e  r e s u l t s  o b t a i n e d  a t  
d i f f e r e n t  t e m p e r a t u r e s  o n  t h e  same g r a p h .  I t  i s  e v i -  
d e n t  t h a t  s i n t e r i n g  t e m p e r a t u r e  h a s  l i t t l e  e f f e c t  upon 
t h e  p o r e  s i z e  d i s t r i b u t i o n  and t h a t  a l l  t h e  materials 
s t u d i e d  have  a n  a p p r e c i a b l e  number o f  p o r e s  i n  t h e  
d e s i r e d  r a n g e .  S i n c e  t h e  s i n t e r i n g  t e m p e r a t u r e  d o e s  
n o t  a f f e c t  t h e  p o r e  s ize  d i s t r i b u t i o n  s i g n i f i c a n t l y ,  
t h i s  p a r a m e t e r  w a s  no t  c o n s i d e r e d  s i g n i f i c a n t  i n  d e t e r -  
min ing  t h e  optimum s i n t e r i n g  t e m p e r a t u r e .  
TABLE - I11 
SUMMARY OF POROSIMETRY DATA FOR A X 1 ,  AX2, 
and 
A X 1  MODIFIED NICKEL FIBER METAL PLAQUES 
S i n t e r i n g  D e n s i t y  % Median Volume o f  
Tempera tu re  of P o r e  S i z e ,  Pores 10-50 
Materia 1 "F T h e o r e t i c a l  Microns  Mic rons ,  % 
A X 1  
A X 2  
1600 
1800 
2000 
2150 
1600 
1800 
2000 
2150 
A X 1  Modi f i ed  1600 
1800 
2000 
2150 
10.0 
12.0 
10.9 
12.4 
10.4 
10.9 
12.6 
1 2 - 1  
8.8 
9.5 
10 .o 
11.5 
4 3  
38 
4 8  
4 8  
48 
52 
44  
53 
54 
54 
54 
57 
67.5 
78.5 
53.9 
55.0 
72 .8  
42 .6  
56 .2  
36 .9  
42  
4 1  
4 2  
4 1  
I t  s h o u l d  be n o t e d ,  however ,  t h a t  t h e  p o r e  s i ze  
d i s t r i b u t i o n  is de te rmined  by t h e  i n t e r a c t i o n  be tween 
f i b e r  d i a m e t e r  and d e n s i t y  and t h a t  t h e  mean p o r e  
27 
diameter can be varied over a wide range at the expense 
of porosity and/or fiber diameter. 
Table I11 shows the median pore size and volume 
of pores 10 to 50 microns in diameter, The remaining 
porosi.ty is predominately in the 50 to 100 micron 
range and over 99% of all the pores are interconnected. 
4.2,3 Tensile Strength versus Sintering Temperature 
Measurements 
28 
The tensile strengths determined for AX1, AX2, 
and AX1 Modified nickel fiber, as a function of sinter- 
ing temperature, are shown in Table IV. 
TABLE IV -
SINTERING TEMPERATURE AND TENSILE STRENGTH DATA 
FOR AX1, AX2, AND AX1 MODIFIED 
NICKEL FIBER METAL PLAQUES 
Sintering Density 76 Tensile 
Temperature of Strength 
lbs per in 2 Mater i a1 "F Theoretical 
AX1 
AX2 
1600 
1800 
2000 
2150 
1600 
1800 
2000 
2150 
AX1 Modified 1600 
1800 
2000 
2150 
10 .o 
12.1 
13.7 
15,3 
10.5 
9.7 
12.5 
12.7 
8.95 
9.31 
9.75 
10.5 
41.2 
14 4 
363 
451 
53.3 
72.2 
227 
265 
19.6 
58.6 
69.6 
161 
The d e n s i t y  of t h e  samples  shown v a r i e s  as a r e s u l t  
of t h e  i n c r e a s i n g  s i n t e r i n g  t e m p e r a t u r e .  I t  is known 
t h a t  t h e  t e n s i l e  s t r e n g t h  i n c r e a s e s  i n  d i r e c t  p r o p o r -  
t i o n  t o  t h e  d e n s i t y  i n  t h e  r a n g e  f rom 10% t o  20% 
d e n s i t y ;  c o n s e q u e n t l y  t h e  s t r e n g t h s  h a v e  b e e n  no rma l i zed  
l i n e a r l y  t o  10% d e n s i t y  and p l o t t e d  i n  F i g u r e  17. 
The d e v i a t i o n  f rom l i n e a r i t y  o f  t h e  s t r e n g t h  - d e n s i t y  
r e l a t i o n s h i p  is c o n s i d e r e d  t o  be i n s i g n i f i c a n t  i n  
t h e  r a n g e  o f  t h e  t e s t s .  
The d i f f i c u l t y  of t e n s i l e  t e s t i n g  f r a g i l e  s p e c i -  
mens of a mater ia l  t h a t  is composed m o s t l y  o f  p o r e s  
and n o t c h e s  i s  e v i d e n t  i n  some o f  t h e  e r r a t i c  da t a  
o b t a i n e d .  The v a l u e s  r e p o r t e d  s h o u l d  be r e g a r d e d  as 
i n d i c a t i v e  and n o t  a b s o l u t e .  The s t r e n g t h  o f  a l l  
t h r e e  f i b e r  materials i s  s u f f i c i e n t  t o  p e r m i t  h a n d l i n g  
and p r o c e s s i n g .  The m a n u f a c t u r i n g  p r o c e s s  f o r  f i b e r  
metal p l a q u e s  is s u c h  t h a t  a r e i n f o r c i n g  s c r e e n  c o u l d  
r e a d i l y  be i n c o r p o r a t e d  i n t o  t h e  s t r u c t u r e  i f  a d d i t i o n a l  
s t r e n g t h  w a s  r e q u i r e d .  
The t e n s i l e  s t r e n g t h  - s i n t e r i n g  t e m p e r a t u r e  
i n t e r a c t i o n  c a n  be r e l a t e d  t o  t h e  s i z e ,  s u r f a c e  area,  
and s h a p e  o f  t h e  f i b e r s  i n v o l v e d .  S m a l l e r  d i a m e t e r  
f i b e r s  r e s u l t  i n  more c o n t a c t  p o i n t s  p e r  volume o f  
mater ia l  a t  a g i v e n  d e n s i t y .  Material w i t h  h i g h  s u r -  
f a c e  areas t e n d  t o  s i n t e r  f a s t e r ,  a t  a g i v e n  tempera- 
t u r e ,  and s m a l l  p a r t i c l e s  promote t h e  s i n t e r i n g  of 
l a r g e r  pa r t i c l e s .  4 
I t  would be expec ted  t h a t  as  t i m e  i n c r e a s e d  a t  
any  t e m p e r a t u r e  t h e  s t r e n g t h  of t h e  three materials 
would t e n d  t o  c o n v e r g e .  To maximize t h e  t e n s i l e  
s t r e n g t h  of any  o f  t h e  materials, t h e  s i n t e r i n g  tempera-  
t u r e  s h o u l d  be as h i g h  a s  t h e  o t h e r  p l a q u e  c h a r a c t e r i s -  
t i c s  permit.  
4 . 2 . 4  S u r f a c e  Area v e r s u s  S i n t e r i n g  Tempera tu re  
Measurements 
The p e r m e a b i l i t y  c o e f f i c i e n t s  o f  p l a q u e s  made 
f rom 0.003, 0.004 and 0.006 i n c h  diameter w i r e  are shown 
i n  T a b l e  V w i t h  t h e  a v e r a g e  v a l u e  o f  t h e  c o n s t a n t  K 2 .  
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TABLE V -- 
PERMEABILITY COEFFICIENTS, SURFACE AREA AND 
ORIENTATION FACTOR FOR PLAQUES MADE FROM WIRE 
P e r m e a b i l i t y  C o e f f i c i e n t  Known 
VL SCFH/ft2/in. S u r f a c e  Area 
I 
I AT H20/ino t h i c k n e s s  cm2/gm K2 
I 
I 
i 30% dense  0.003" w i r e  2150 525 6 , O  x 10' 
30% d e n s e  0.004" w i r e  2000 3 94 7 . 8  x 10' 
5.6 x 10 8 30% dense  0.006" wire 8300 262 
6.5 x 10 8 Average 
The p e r m e a b i l i t y  c o e f f i c i e n t s  (VL and OP) ob-  
t a i n e d  f o r  A X 1 ,  AX2, and A X 1  Modif ied n i c k e l  f i b e r  
metal p l a q u e s  a t  two d e n s i t i e s  are shown i n  Table V I .  
F i g u r e s  18, 19  and 20 a r e  s e m i - l o g a r i t h m i c  p l o t s  of  
d e n s i t y  v e r s u s  f l o w  rate a t  a c o n s t a n t  p r e s s u r e  d r o p .  
To keep  t h e  v a r i o u s  p a r a m e t e r s  i n  c o m p a t i b l e  u n i t s  
and t o  d e t e r m i n e  t h e  surface area a t  t h e  same d e n s i t y  
t h a t  t h e  K2 c o n s t a n t  was d e r i v e d  a t ,  i t  is n e c e s s a r y  
t o  c a l c u l a t e  t h e  f l o w  rate  a t  a d e n s i t y  of  30% of  
t h e o r e t i c a l  and a t h i c k n e s s  o f  one i n c h .  The data 
p r e s e n t e d  i n  Tab le  V I 1  were c a l c u l a t e d  u s i n g  a d e n s i t y  
of  30% and a p r e s s u r e  d rop  of  0 . 1  i n c h e s  of H 2 0 .  
2 The s p e c i f i c  s u r f a c e  area i n  c m  /gm is o t a i n e d  
2 3  by d i v i d i n g  t h e  s p e c i f i c  s u r f a c e  area i n  c m  / c m  by 
t h e  d e n s i t y  of  n i c k e l  which is 8 . 9  gm/cm3. 
A p l o t  of  i n t e r n a l  s u r f a c e  area v e r s u s  s i n t e r -  
i n g  t e m p e r a t u r e ,  F i g u r e  2 1 ,  shows t h a t  t h e  s u r f a c e  
area increases i n  t h e  o r d e r  AX2, A X 1 ,  A X 1  Modif ied .  
The increase i n  s u r f a c e  area is n o t  a p p a r e n t  f rom 
t h e  s t a t i s t i c a l  d e s c r i p t i o n  of  t h e  f i b e r s  p r e s e n t e d  
i n  Task A .  I t  is e v i d e n t  t h a t  t h e  " t h i c k n e s s " ,  or 
, 31 
TABLE VI -
PERMEABILITY COEFFICIENTS FOR AX1, AX2 AND AX1 MODIFIED 
. NICKEL FIBER PLAQUES SINTERED AT VARIOUS TEMPERATURES 
Flow Rat5 
Sintering Density % SCFH/Ft 
Material "F Theoretical inch H20 
Temperature of Lip = 0.1 
AX1 1600 
1600 
18.1 
27.8 
420 
178 
1800 
1800 
19.3 
28.2 
417 
172 
2000 
2000 
19.2 
31.6 
500 
209 
2150 
2150 
19.4 
28.6 
570 
308 
AX2 1600 18.1 580 
1600 28.3 238 
1800 18.6 520 
1800 28.8 234 
2000 19.0 625 
2000 29.8 266 
2150 19.3 705 
2150 28.8 334 
AX1 Modified 1600 
1600 
18.3 
26.9 
3 74 
111 
1800 18.9 423 
1800 26.3 153 
2000 19.5 451 
2000 28.3 14 7 
2150 
2150 
~ 
19.4 
28.4 
550 
176 
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TABLE V I 1  -
SPECIFIC SURFACE AREA OF A X 1 ,  AX2, AND A X 1  MODIFIED NICKEL 
FIBER METAL PLAQUES SINTERED A T  VARIOUS TEMPERATURES 
VL 
AT 
S i n t e r i n g  SCFH/f t 2/ 
Tempera ture  i n .  H20/in. SV SV 
M a t e r i a  1 "F Thickness  SV2 cm2/cm3 cm2/gm 
A X 1  1600 
1800 
2000 
2150 
AX2 1600 
1800 
2000 
2150 
A X 1  Mod. 1600 
1800 
2000 
2150 
42 
46 .5  
75 
90 
60 
69 .5  
8 2 . 5  
93 
19.8  
27 .6  
33.9 
4 2 . 8  
15 .4  x lo6 
1 3 , 9  x lo6  
8 . 6  x lo6 
7.2 x lo6  
10 .8  x lo6 
6 7.8 x 10 
6 . 9  x lo6  
32 .8  x lo6 
23.6 x lo6  
19.2 x lo6  
15.2 x lo6  
9 . 3  x lo6 
3920 
3730 
2930 
2690 
3280 
3050 
2800 
2640 
5740 
4860 
4380 
3900 
440 
419 
329 
302 
369 
343 
315 
296 
64 5 
54 6 
492 
438 
t h e  d imens ion  of  t h e  f i b e r  t h a t  l i e s  i n  t h e  v i ewing  
p l a n e  when obse rved  through a mic roscope ,  must d e c r e a s e  
i n  t h e  o r d e r  A X 1  M o d i f i e d ,  A X 1 ,  AX2.  
The g r e a t e r  s u r f a c e  a r e a  of t h e  smaller a p p a r e n t  
d i a m e t e r  f i b e r s  r e n d e r s  them more s u s c e p t i b l e  t o  s i n t e r -  
i n g  t h a n  t h e  c o a r s e r  f i be r s  b e c a u s e  t h e  r a t e  of  s i n t e r -  
i n g  is s e n s i t i v e  to  surface f r e e  e n e r g y . 5  C o n s e q u e n t l y ,  
t h e  d e c r e a s e  i n  s u r f a c e  area is most r a p i d  for A X 1  
and A X 1  Modif ied a t  t h e  lower s i n t e r i n g  t e m p e r a t u r e s .  
F i g u r e s  22 and 23  a r e  pho tomic rographs  of  A X 1  n i c k e l  
f i b e r  m e t a l  p l a q u e s  s i n t e r e d  a t  t h e  i n d i c a t e d  tempera-  
t u r e s .  As t h e  s i n t e r i n g  t e m p e r a t u r e  i n c r e a s e s ,  t h e  
r e d u c t i o n  i n  s u r f a c e  ene rgy  is a c c e l e r a t e d ;  t h e  s h a r p  
37  
F i g .  22 Photomicrograph  o f  A X 1  n i c k e l  f i b e r  p l a q u e  
s i n t e r e d  a t  1600'F. S e c t i o n  is  p e r p e n d i c u l a r  t o  
f e l t i n g  p l a n e .  x 210 
F i g .  23 Photomicrograph  of  A X 1  n i c k e l  f i b e r  p l a q u e  
s i n t e r e d  a t  200O0F. S e c t i o n  is p e r p e n d i c u l a r  t o  
f e l t i n g  p l a n e .  x 210 
38 
e d g e s  o f  t h e  f i b e r s  become more rounded and t h e i r  
cross s e c t i o n  t a k e s  on a more s y m m e t r i c a l  s h a p e .  The 
s u r f a c e  area is, t h e r e f o r e ,  d e c r e a s e d .  
I n t e r n a l  s u r f a c e  a rea  measurements  u s i n g  a i r  
p e r m e a b i l i t y  t e c h n i q u e s  have  been  supp lemen ted  by a 
B,E.T. Krypton  d e t e r m i n a t i o n .  A sample  o f  A X 1  n i c k e l  
f i b e r  metal s i n t e r e d  a t  1900+15"F f o r  20 m i n u t e s  w a s  
s u b m i t t e d  t o  N u c l e a r  Materials and Equipment Corpora-  
A i r  p e r m e a b i l i t y  c a l c u l a t i o n s  i n d i c a t e d  a n  area o f  
370 cm2/gm. 
590 cm2/gm. 
t i o n  f o r  a g a s  a d s o r p t i o n  s u r f a c e  area d e t e r m i n a t i o n .  6 
Krypton  a d s o r p t i o n  i n d i c a t e d  a n  area o f  
These  r e s u l t s  show t h e  d i f f i c u l t y  e x p e r i e n c e d  
i n  a c c u r a t e l y  d e t e r m i n i n g  t h e  s u r f a c e  area o f  mater ia l s  
i n  t h e  100-1000 cm2/gm r a n g e  and i n d i c a t e  t h a t  t h e  
most s a t i s f a c t o r y  t e s t  f o r  n i c k e l  f i b e r  metal b a t t e r y  
p l a q u e s  would be t o  e v a l u a t e  them a s  electrodes i n  a 
b a t t e r y  . 
The r e s u l t s  o b t a i n e d  i n  t h i s  s t u d y  i n d i c a t e  
t h a t  t h e  s i n t e r i n g  t e m p e r a t u r e  f o r  n i c k e l  f i b e r  m e t a l  
p l a q u e s  s h o u l d  be as low as p r a c t i c a l  t o  maximize t h e  
s u r f a c e  area. 
4 . 2 , 5  E lec t r i ca l  R e s i s t i v i t y  v e r s u s  S i n t e r i n g  
Tempera tu re  Measurements 
E lec t r i ca l  r e s i s t i v i t y  d a t a  as  a f u n c t i o n  o f  
s i n t e r i n g  t e m p e r a t u r e  f o r  A X 1 ,  A X 2 ,  and A X 1  Modi f i ed  
n i c k e l  f i b e r  metal p l a q u e s  are shown i n  T a b l e  V I I I .  
The d e n s i t y  i n c r e a s e s  as  t h e  s i n t e r i n g  t e m p e r a t u r e  7 i n c r e a s e s ,  as  n o t e d  p r e v i o u s l y .  I t  h a s  b e e n  shown 
t h a t  t h e  e l e c t r i c a l  r e s i s t i v i t y  o f  f i b e r  metal  com- 
p o s i t e s  is  dependen t  upon t h e  d e n s i t y  o f  t h e  c o m p o s i t e  
and n o t  upon t h e  c o n t a c t  s e c t i o n .  The d a t a  i n  t h e  
above  r e f e r e n c e d  work were o b t a i n e d  a t  r e l a t i v e l y  
h i g h  d e n s i t i e s .  The d a t a  shown i n  F i g u r e  24,  a p l o t  
o f  e l ec t r i ca l  r e s i s t i v i t y  v e r s u s  d e n s i t y  €or AX2 n i c k e l  
f i b e r  metal, i n d i c a t e  t h a t  a t  low d e n s i t i e s  t h e  
r e s i s t i v i t y  is n o t  p r o p o r t i o n a l  t o  d e n s i t y .  I n  f i b e r  
s t r u c t u r e s ,  a s  opposed  t o  powder s t r u c t u r e s ,  t h e  
39 
r e s i s t i v i t y  is  d e t e r m i n e d  by t h e  cross  s e c t i o n  of t h e  
f i b e r  o n c e  s i n t e r i n g  h a s  p r o g r e s s e d  t o  t h e  p o i n t  where 
t h e  cross s e c t i o n a l  area o f  t h e  s i n t e r  bond c o n t a c t s  
is e q u a l  t o  or g r e a t e r  t h a n  t h e  cross s e c t i o n a l  a rea  
o f  t h e  f i b e r .  A t  v e r y  low d e n s i t i e s  t he re  are  few 
c o n t a c t  p o i n t s  p e r  f i b e r  and t h e  r e s i s t i v i t y  may b e  
d e t e r m i n e d  by  t h e  s i z e  o f  t h e  c o n t a c t  area as  i n  
powder s t r u c t u r e s .  A s  t h e  number o f  c o n t a c t  p o i n t s  ~ 
i n c r e a s e  ( d e n s i t y  i n c r e a s e s )  t h e  r e s i s t i v i t y  is  d e t e r -  % I  
mined by t h e  f i b e r  cross s e c t i o n .  With t h e  materials 
i n v e s t i g a t e d ,  i t  a p p e a r s  t h a t  t h e  r e s i s t i v i t y  becomes 
p r o p o r t i o n a l  t o  d e n s i t y  be tween 10% and 15% d e n s i t y .  
TABLE V I 1 1  
ELECTRICAL RESISTIVITY AND DENSITY FOR A X 1 ,  AX2, 
AND A X 1  MODIFIED NICKEL FIBER PLAQUES SINTERED 
AT VARIOUS TEMPERATURES 
S i n t e r i n g  D e n s i t y  % 
Tempera tu re  of R e s i s t i v i t y  
Mat er i a 1 "F T h e o r e t i c a l  Microhm-cm 
A X 1  
AX2 
1600 
1800 
2000 
2150 
1600 
1800 
2000 
2150 
A X 1  Mod. 1600 
1800 
2000 
2150 
11.3 
1 2 . 3  
1 2 . 4  
17.5 
1 1 . 4  
11 .2  
1 3 . 6  
15.7 
8 , 7  
9 .1  
9.5 
11.0 
14  50 
54 1 
4 2 3  
324 
1022 
578 
392 
302 
1070 
746 
611 
438  
I n  F i g u r e  25 ,  a p l o t  of s i n t e r i n g  t e m p e r a t u r e  
v e r s u s  e l e c t r i c a l  r e s i s t i v i t y ,  t h e  r e s i s t i v i t i e s  h a v e  
b e e n  n o r m a l i z e d  t o  15% d e n s i t y ;  c o n s e q u e n t l y ,  w h i l e  
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FIGURE 24 
ELXCTRICAL RESISTIVITY VS DENSITY OF 
AX2 NICKEL FIBER METAL 
-
Density, % of Theoretical 
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t h e  d a t a  may n o t  be absolute  i t  does g i v e  a n  i n d i c a t i o n  
o f  t h e  d i f f e r e n c e  i n  e lec t r ica l  r e s i s t i v i t y  be tween  
t h e  f i b e r  g r a d e s .  
The v a l u e s  o b t a i n e d  a re  s i m i l a r  t o  those ob- 
t a i n e d  f o r  some g r a d e s  o f  n i c k e l  powder p l a q u e s .  8 
The r e s i s t i v i t y  o f  f i b e r  metal p l a q u e s  c a n  be decreased, 
o f  c o u r s e ,  by i n c o r p o r a t i n g  a s c r e e n  i n t o  t h e  s t r u c -  
t u r e  or by emboss ing  a g r i d  p a t t e r n  i n t o  t h e  p l a q u e  
t o  o b t a i n  a n  i n t e r c o n n e c t e d  p a t h  o f  h i g h  d e n s i t y  mater ia l .  
The r e s u l t s  of t h i s  s t u d y  show t h a t  t h e  elec- 
t r i c a l  r e s i s t i v i t y  decreases w i t h  i n c r e a s i n g  d e n s i t y  
and i n c r e a s i n g  s i n t e r i n g  t e m p e r a t u r e .  To min imize  t h e  
r e s i s t i v i t y  t h e  s i n t e r i n g  t e m p e r a t u r e  s h o u l d  be as 
h i g h  as  p o s s i b l e  w i t h o u t  p r o d u c i n g  a n  e x c e s s i v e  amount 
o f  s h r i n k a g e .  
4 . 3  T a s k  C - P l a q u e  C l a s s i f i c a t i o n  -- 
4 . 3 . 1  S i n t e r i n g  
The data  p r e s e n t e d  i n  Task  B are s u f f i c i e n t  t o  
permit a n  e v a l u a t i o n  o f  t h e  v a r i a t i o n  o f  p l a q u e  c h a r a c -  
t e r i s t i c s  w i t h  s i n t e r i n g  t e m p e r a t u r e ,  I t  is  e v i d e n t  
t h a t  any  s i n g l e  character is t ic  c a n  be o p t i m i z e d  a t  
t h e  e x p e n s e  o f  o t h e r  c h a r a c t e r i s t i c s .  A s i n t e r i n g  
t e m p e r a t u r e  o f  1900+15"F for 20 m i n u t e s  w a s  selected 
t o  compromise t h e  d e c r e a s i n g  s u r f a c e  area and p o r o s i t y  
and  t h e  i n c r e a s i n g  t e n s i l e  s t r e n g t h  and e lec t r ica l  
c o n d u c t i v i t y .  F i n a l  c o n f i g u r a t i o n  p l a q u e s  o f  A X 1 ,  A X 2  
and  A X 1  Modi f i ed  n i c k e l  f i b e r  were produced  a t  a t h i c k -  
n e s s  o f  0.028" * 0.001" and s i n t e r e d  as  i n d i c a t e d  above .  
P o r t i o n s  of these  p l a q u e s  were used  t o  d e t e r m i n e  p o r e  
s i ze  d i s t r i b u t i o n ,  s u r f a c e  area, t e n s i l e  s t r e n g t h ,  
e l ec t r i ca l  r e s i s t i v i t y ,  and f l e x i b i l i t y .  
4 . 3 . 2  D e n s i t y  Measurements 
The d e n s i t i e s  o f  a l l  three materials a re  shown 
i n  T a b l e  I X .  
4 3  
TABLE IX -
DENSITY OF NICKEL FIBER METAL 
PLAQUES SINTERED AT 1900215°F 
- 
Material 
~~ 
Density % 
of Theoretical 
AX1 11.7 
AX2 11.2 
AX1 Modified 12.2 
In addition to the densities of the complete 
plaques, measurements were made f o r  the samples used 
in subsequent testing. As will be noted, the density 
varies somewhat due to the machining operations re- 
quired to shape the samples. Since many of the plaque 
characteristics are sensitive to density, measurements 
were made of each test sample before testing. 
4.3.3 Pore Size Distribution --
Duplicate samples of each material were tested 
to determine the pore size distribution. The result- 
ing data were averaged f o r  each material and plotted 
as shown in Figure 26. 
The average median pore size and average volume 
of pores in the 10 to 50 micron range are shown in 
Table X. The remaining porosity is predominately in 
the 50 to 100 micron range and over 99% of all porosity 
is interconnected. 
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TABLE X - 
DENSITY, MEDIAN PORE SIZE AND VOLUME OF 
POROSITY DUE TO PORES 10 t o  50 MICRONS I N  DIAMETER 
OF NICKEL FIBER METAL PLAQUES SINTERED AT 1900+-15"F 
Volume of 
Mat e r  i a  1 T h e o r e t i c a l  Microns Microns % 
Density % Median 
of Pore S ize  Pores  10-50 
A X 1  12.3 
13.1 
50.0 47.4 
47.5 54.9 
Ave.  48.8 Ave, 51.2 
AX2 10 ,2  
10.0 
61.0 29.8 
65.0 27.5 
Ave. 63.0 Ave . 28 7 
A X 1  Modified 12,o 49.0 50.0 
12.1 49.0 51,O 
Ave. 49.0 Ave. 50.5 
4.3.4 Tens i l e  S t r eng th  
The average t e n s i l e  s t r e n g t h  of each material  
a t  t h e  i n d i c a t e d  d e n s i t y  is  shown i n  Table  X I .  The 
d a t a  presented are s i g n i f i c a n t l y  d i f f e r e n t  from those  
r epor t ed  i n  Task B .  These e r r a t i c  d a t a  can be 
expected when a t t empt ing  t o  t e n s i l e  t e s t  f r a g i l e  
specimens of a m a t e r i a l  composed l a r g e l y  of  notches 
a n d  pores .  
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TABLE X I  -
DENSITY AND TENSILE STRENGTHS OF NICKEL FIBER 
METAL PLAQUES SINTERED AT 1900*15"F 
Density % Tens i l e  
of S t rength  
Mater ia l  Theore t i ca l  l b s .  per  i n .  2 
A X 1  11.5 
11.4 
96.9 
97.6 
AX2 11.1 
11.3 
A X 1  Modified 12.5 
12.6 
53.8 
61.6 
167.0 
183.5 
4,3.5 Surface Area 
Flow rate  versus pres su re  drop data a r e  shown 
i n  Table X I 1  f o r  A X 1 ,  A X 2 ,  and A X 1  Modified n i c k e l  
f i b e r  metal plaques.  
TABLE X I 1  -
DENSITY AND FLOW RATE DATA FOR NICKEL FIBER 
METAL PLAQUES SINTERED AT 1900+15"F 
Density % Flow Rate 
of SCFH/f t2 
Mater ia  1 Theore t i ca l  LIP = 0.1" H20  
A X 1  20.3 
20.2 
342 
496 
28.5 128 
29.4 156 
AX2 19.0 562 
19.5 688 
28.4 
30.7 
164 
127 
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TABLE X I 1  
Cont inued 
-
D e n s i t y  % Flow R a t e  
of SCFH/f t2 
M a t e r i a l  T h e o r e t i c a l  i1P = 0 . 1 ”  H20 
- 
A X 1  Modif ied 19 .8  
19 .7  
30.2 
3 0 . 1  
415  
390 
104 
10 5 
These data were used t o  p l o t  t h e  d e n s i t y  v e r s u s  f l o w  
r a t e  c u r v e s  shown i n  F i g u r e  27 .  S u r f a c e  a r e a  c a l c u -  
l a t i o n s  were made as  d e s c r i b e d  i n  Task B and t h e  
s p e c i f i c  s u r f a c e  a r e a  o b t a i n e d  are shown i n  T a b l e  X I I I .  
TABLE X I 1 1  -
SPECIFIC SURFACE AREAS FOR NICKEL FIBER 
METAL PLAQUES SINTERED AT 1900+.15”F 
VL 
A P  
SCFH/ f t 2/ 
S 
5 i n .  HZO/in.  SV M a t e r i a l  Th ickness  SV2 cm2/crn3 c m  /gm 
A X 1  35.4 18 .4  x lo6 4290 482 
38.1 17.1 x lo6  4 140 464 
AX2 39 .9  16 .3  x lo6  4040 4 54 
42.3 15 .4  x lo6  3920 44 1 
A X 1  Modified 3 2 . 1  20.2 x 106 4500 506 
3 2 . 1  20.2 x 106 4500 506 
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4.3.6 E l e c t r i c a l  R e s i s t i v i t y  
The e l e c t r i c a l  r e s i s t i v i t i e s  o b t a i n e d  a t  t h e  
i n d i c a t e d  d e n s i t i e s  a re  shown i n  T a b l e  X I V .  
TABLE X I V  -
DENSITY AND ELECTRICAL RESISTIVITY OF NICKEL FIBER 
METAL PLAQUES SINTERED AT 1900+15"F 
D e n s i t y  % E l e c t r i c a l  
o f  R e s i s t i v i t y  
M a t e r i a  1 T h e o r e t i c a l  Microhm - c m  
A X 1  1 2 . 3  
1 2 . 8  
499  
468  
AX2 1 2  0 1 
12.2  
A X 1  Modif ied 12 .6  
1 2 . 5  
562 
544 
504 
522 
The e x p e r i m e n t  t o  d e t e r m i n e  t h e  e l e c t r i c a l  
r e s i s t i v i t y  p e r p e n d i c u l a r  t o  t h e  f e l t i n g  p l a n e  w a s  
modera t e ly  s u c c e s s f u l .  The c o m p r e s s i b i l i t y  o f  l o w  
d e n s i t y  f i b e r  metal s t r u c t u r e s  makes i t  d i f f i c u l t  t o  
c o n t a c t  t h e  s u r f a c e s  w i t h  enough p r e s s u r e  t o  overcome 
t h e  c o n t a c t  r e s i s t a n c e  w i t h o u t  d e n s i f y i n g  t h e  p l a q u e .  
Two methods were a v a i l a b l e  for d e t e r m i n i n g  t h i s  
r e s i s t i v i t y .  The f i r s t  would be t o  p r o d u c e  a v e r y  
t h i c k  f e l t  and c u t  r e s i s t i v i t y  s t r i p s  p e r p e n d i c u l a r  
t o  t h e  f e l t i n g  p l a n e .  R e s i s t i v i t y  measu remen t s  c o u l d  
t h e n  be made i n  t h e  same manner t h a t  t h e y  were p a r a l l e l  
t o  t h e  f e l t i n g  p l a n e .  S i n c e  p r o d u c i n g  a p l a q u e  t h i s  
t h i c k  is n o t  p r a c t i c a l ,  a 0.75 i n c h  p l a q u e  w a s  made 
u s i n g  AX2 f i b e r .  A c u b e  of t h i s  material 0.75 i n c h e s  
o n  a s i d e  w a s  f i l l e d  w i t h  a c a t a l y z e d  epoxy r e s i n  
and o p p o s i t e  s u r f a c e s  were ground p a r a l l e l .  T h i s  
cube w a s  p l a c e d  i n  a h y d r a u l i c  p r e s s  be tween  t h e  con-  
t a c t s  o f  a K e l v i n  B r i d g e  and  p r e s s u r e  w a s  a p p l i e d  
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u n t i l  a c o n s t a n t  r e s i s t a n c e  r e a d i n g  was o b t a i n e d ,  The 
r e a d i n g s  r e c o r d e d ,  a t  500 p s i ,  were 400 microhm-cm 
p a r a l l e l  t o  t h e  f e l t i n g  p l a n e  and 895 microhm-cm p e r -  
p e n d i c u l a r  t o  t h e  f e l t i n g  p l a n e .  The i n c r e a s e  i n  
r e s i s t i v i t y  p e r p e n d i c u l a r  t o  t h e  f e l t i n g  p l a n e  is ex -  
p e c t e d  b e c a u s e  t h e  f i b e r s  a r e  o r i e n t e d  p a r a l l e l  t o  t h e  
f e l t i n g  p l a n e .  Consequen t ly ,  t h e  r e s i s t i v e  p a t h  is  
l o n g e r  when t h e  r e s i s t a n c e  is measured p e r p e n d i c u l a r  
t o  t h e  f e l t i n g  p l a n e ,  
Area R e s i s t i v i t y  S t r e n g t h  
cm2/gm Microhm-cm. l b s .  p e r  i n ,  2 
Material 76 D e n s i t y  AP = 0.1" A t  15% D e n s i t y  A t  10% D e n s i t y  
4 . 3 . 7  Normalized Data 
For c o n v e n i e n c e  ' t h e  s u r f a c e  area,  d e n s i t y ,  
t e n s i l e  s t r e n g t h  no rma l i zed  t o  10% d e n s i t y  and e lec-  
t r i c a l  r e s i s t i v i t y  normal ized  t o  15% d e n s i t y  are 
shown i n  T a b l e  XV.  
TABLE - XV 
SUMMARY OF DATA FOR DUPLICATE SAMPLES OF THREE GRADES 
OF NICKEL FIBER METAL PLAQUES SINTERED AT 1900+15"F 
A X 1  11.7 482 411 8 4 . 2  
464 400  
Ave. 473 Ave. 406  
- - 85.6 
Ave . 8 4 . 9  
4 54 48.5 
442 5 4 . 5  
Ave. 448  Ave. 448  Ave. 51.5 
AX2 11 .2  4 54 
44  - 1 -
A X 1  Modi f i ed  12 .2  506 423  134 
4 3 5  14 6 
Ave. 506 Ave. 429  Ave, 140 
- -506 -
4 . 3 , 8  F l e x i b i l i t y  
Samples of each  of t h e  materials,  0 .028  i n c h e s  
t h i c k ,  were b e n t  90" .over p r o g r e s s i v e l y  smaller man- 
d r e l s .  A s  t h e  d a t a  i n  T a b l e  XVI show, no damage was 
e v i d e n t  i n  any o f  t h e  s a m p l e s .  
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TABLE XVI 
F L E X I B I L I T Y  DATA FOR NICKEL F I B E R  METAL 
PLAQUES S I N T E R E D  A T  1900115°F 
Material  
D i a m e t e r  of 
Mandrel Used  R e s u l t  
A X 1  
AX2 
AX1 Modified 
1/4 I '  
7/32" 
3/ 16 
5/32" 
3/32" 
1/16'' 
1/8 l 7  
1/4 'I 
7/32" 
3/ 16 
5/32" 
3/32" 
1/16" 
1/8 l r  
1/4 
7/32" 
3/16" 
5/32" 
3/32" 
1/16" 
1/8 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
. 
A* N o  damage t o  t h e  specimen w a s  e v i d e n t  upon i n s p e c t i o n  
under a 15 power b inocu la r  microscope 
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I 4.4 -- Task  D - P l a q u e  Samples 
Samples  of e a c h  of t he  p l a q u e s  e v a l u a t e d  i n  Task  C 
were s e n t  t o  t h e  NASA T e c h n i c a l  Director .  
!. 
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6.0 APPENDIX 
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TABLE X V I I  
FREQUENCY TABULATION OF FIBER LENGTH OF A X 1  NICKEL FIBER 
Sample 1 
Length Class  
Class Midpoint 
I n t e r v a l  X 
Microns 
13-37 
38-62 
63-87 
88-112 
113-137 
138-162 
163-187 
188-212 
213-237 
238-262 
263-287 
288-312 
313-337 
338-362 
363-387 
388-412 
413-437 
438-462 
463-487 
488-512 
513-537 
538-562 
563-587 
588-6 1 2  
613-637 
638-662 
663-687 
688-712 
788-8 12  
888-912 
988- 10 12 
1188 - 12 12 
12 88 - 13 1.2 
1488- 1512 
Microns 
25 
50 
75 
100 
125 
150 
175 
200 
225 
250 
275 
300 
325 
350 
375 
400 
425 
450 
475 
500 
525 
5 50 
575 
600 
625 
650 
675 
700 
800 
900 
1000 
1200 
1300 
1500 
Frequency 
F 
228 
193 
111 
135 
14 3 
74 
62 
74 
35 
28 
18 
35 
12 
15  
12 
16 
8 
9 
10 
11 
4 
5 
3 
3 
4 
5 
5 
11 
2 
2 
2 
1 
1 
1 
FX 
5700 
9650 
8325 
13500 
17875 
11100 
12950 
14800 
7875 
7000 
4950 
10500 
3900 
5250 
4500 
6400 
3400 
4050 
4750 
5500 
2100 
2750 
1725 
1800 
2500 
3250 
3375 
7700 
1600 
1800 
2000 
1200 
1300 
1500 
FX % 
of 
Tota l  X2 
2.9 
4 .9  
4 ,2  
6.9 
9 .1  
5.6 
6 .6  
7 .5  
4.0 
3.6 
2 . 5  
5 .3  
2.0 
2.7 
2.3 
3.3 
1 .7  
2 .1  
2.4 
2.8 
1.1 
1.4 
0.9 
0 , 9  
1.3 
1.7 
1 , 7  
3.9 
0.8 
0.9 
1 .0  
0.6 
0.7 
0.8 -
Mean 154 
Median 88-112 
Standard Dev ia t ion  158 
56 
625 
2500 
5625 
10000 
15625 
22500 
30625 
40000 
50625 
62500 
75625 
90000 
105625 
122500 
140625 
160000 
180625 
202500 
225625 
250000 
275625 
302500 
330625 
360000 
390625 
422500 
455625 
490000 
640000 
810000 
1000000 
1440000 
1690000 
2250000 
F X2 
142500 
482500 
624375 
1350000 
2234375 
1665000 
1898750 
2960000 
1771875 
1750000 
1361250 
3150000 
1267500 
1837500 
1687500 
2560000 
1445000 
1822500 
2256250 
2750000 
1102500 
1512500 
991875 
1800000 
1562500 
2112500 
2278125 
5390000 
1280000 
1620000 
2000000 
1440000 
1690000 
2250000 
TABLE XVIII 
312 
151 
96 
151 
72 
4 1  
22 
38 
23  
12 
7 
2 1  
6 
12 
6 
8 
7 
4 
4 
12  
0 
4 
1 
1 
2 
10 
2 
6 
2 
3 
2 
5 
I 3 
FREQUENCY TABULATION OF FIBER LENGTH OF A X 1  NICKEL FIBER 
6.0 
5.8 
5.5 
11.6 
6.9 
4 .7  
3.0 
5.8 
4.0 
2.3 
1.5 
4.8 
1.5 
3.2 
1.7 
2.5 
2.3 
1.4 
1.4 
0.5 
0 
1.7 
0.4 
0 .5  
1.0 
5.0 
1.0 
3.2 
1.1 
1.8 
1.4 
3.8 
~ 2.8 
Sample 2 
I 
Class  Length 
Class  Midpoint FX % 
F FX T o t a l  Microns 
Frequency of 
X2 F 9  
I n t e r v a l  X 
Microns 
13-37 
38-62 
63-87 
88-112 
113-137 
138-162 
163-187 
188-212 
213-237 
238-262 
263-287 
288-312 
313-337 
338-362 
363-387 
388-412 
413-437 
438-462 
463-487 
487-512 
513-537 
538-562 
563-587 
588-612 
613-637 
638-662 
663-687 
688-712 
788-812 
888-912 
988- 10 12 
1188-1212 
1188-1212 
~ . 
I 
25 
50 
75 
100 
125 
150 
175 
200 
225 
250 
275 
300 
325 
350 
375 
400 
425 
450 
475 
500 
525 
550 
575 
600 
625 
650 
675 
700 
750 
800 
900 
1000 
1200 
Mean 125 
Median 88-112 
7800 
7550 
7200 
15100 
9000 
6150 
3850 
7600 
5175 
3000 
1925 
6300 
1950 
4200 
2250 
3200 
2975 
1800 
1900 
600 
0 
2200 
575 
600 
1250 
6500 
1350 
4200 
1500 
2400 
1800 
5000 
3600 
Standard Deviat ion 169 
625 
2500 
5625 
10000 
15625 
22500 
30625 
40000 
50625 
62500 
75625 
90000 
105625 
122500 
140625 
160000 
180625 
202500 
225625 
250000 
275625 
302500 
330625 
360000 
390625 
422500 
455625 
490000 
562500 
640000 
810000 
1000000 
1440000 
195000 
377500 
540000 
1510000 
1125000 
922500 
673750 
1520000 
1164375 
750000 
529375 
1890000 
633750 
1470000 
843750 
1280000 
1264375 
810000 
902500 
3000000 
0 
1210000 
330625 
360000 
781250 
4225000 
911250 
2940000 
1125000 
1920000 
1620000 
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TABLE X I X  -
~ 2975 
2800 
3075 
4900 
4750 
2700 
2800 
6000 
1800 
3000 
275 
2700 
2600 
2800 
1875 
1600 
1275 
2250 
950 
500 
1050 
1100 
575 
600 
2500 
650 
2700 
2800 
750 
800 
825 
850 
925 
1000 
1025 
FREQUENCY TABULATION OF FIBER LENGTH OF AX2 NICKEL FIBER 
Sample 1 
Length Class 
Class  Midpoint F X  % 
Microns Microns F FX To ta l  X2 FX 
I n t e r v a l  X Frequency of 2 ~ 
13-37 
38-62 
63-87 
88-112 
113 - 137 
138-162 
163-187 
188-212 
213-237 
238-262 
263-287 
288-312 
313-337 
338-362 
363-387 
388-412 
413-437 
438-462 
463-487 
488-512 
513-537 
538-562 
563-587 
588-612 
613-637 
638-662 
663-687 
688-712 
737-762 
788-812 
813-837 
838-862 
913-937 
988-1012 
1013-1037 
25 
50 
75 
100 
125 
150 
175 
200 
225 
2 50 
275 
300 
325 
350 
375 
400 
425 
4 50 
475 
500 
525 
550 
575 
600 
625 
650 
675 
700 
750 
800 
825 
850 
925 
1000 
1025 
Mean 152 
Median 88-112 
119 
56 
4 1  
49 
38 
18 
16 
30 
8 
1 2  
1 
9 
8 
8 
5 
4 
3 
5 
2 
1 
2 
2 
1 
1 
4 
1 
4 
4 
1 
1 
1 
1 
1 
1 
1 
4.3  
4.0 
4.4 
7.0 
6.8 
3.9 
4.0 
8.6 
2.6 
4 . 3  
0.4 
3.9 
3.7 
4 .0  
2.7 
2.3 
1.8 
3.2 
1.3 
0.7 
1.5 
1.6 
0.8 
0.9 
3.6 
0.9 
3 .9  
4.0 
1.1 
1.1 
1.2  
1.2 
1.3 
1.4 
1.5 
625 
2500 
5625 
10000 
15625 
22500 
30625 
40000 
50625 
62500 
75625 
90000 
105625 
122500 
140625 
160000 
180625 
202500 
225625 
250000 
275625 
302500 
330625 
360000 
390625 
422500 
455625 
490000 
562500 
640000 
680625 
722500 
855625 
1000000 
1050625 
Standard Devia t ion  172 
58 
74375 
140000 
230625 
490000 
593750 
405000 
490000 
1200000 
405000 
750000 
75625 
810000 . 
845000 
980000 
703125 
640000 
541875 
1012500 
445250 
250000 
551250 
605000 
330625 
360000 
1562500 
422500 
1822500 
1960000 
562500 
640000 
680625 
722500 
855625 
1000000 
1050625 
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TABLE XX -
FREQUENCY TABULATION OF FIBER LENGTH OF AX2 NICKEL FIBER --- 
Sample 2 
Length Class 
Class Midpoint 
Microns Microns 
I n t e r v a l  X Frequency 
F FX 
FX % 
of 
T o t a l  X2 F X2 
13-37 
38-62 
63-87 
88-112 
113-137 
138-162 
163-187 
188-212 
213-237 
238-262 
263-287 
288-312 
313-337 
338-362 
363-387 
388-412 
413-437 
438-462 
463-487 
488-512 
513-537 
538-562 
563-587 
588-612 
613-637 
638-662 
663-687 
688-712 
738-762 
788-812 
888-912 
988-1012 
1238 - 1262 
1338-1362 
1488-1512 
25 
50 
75 
100 
125 
150 
175 
200 
225 
250 
275 
300 
325 
350 
375 
400 
425 
450 
475 
500 
52 5 
550 
575 
600 
625 
650 
675 
700 
750 
800 
900 
1000 
12 50 
1350 
1500 
Mean 167 
Median 88-112 
66 
85  
56 
65 
46 
29 
8 
28 
13 
1 2  
4 
15 
4 
5 
5 
8 
5 
6 
2 
10 
2 
2 
2 
1 
0 
1 
0 
6 
2 
2 
1 
2 
1 
1 
1 
1650 
4250 
4200 
6500 
5750 
4350 
1400 
5600 
2925 
3000 
1100 
4500 
1300 
1750 
1875 
3200 
2125 
2700 
950 
5000 
1050 
1100 
1150 
600 
0 
650 
0 
4200 
1500 
1600 
900 
2000 
1250 
1350 
1500 
2 - 0  
5 .1  
5 .1  
7.8 
6.9 
5.2 
1.7 
6.7 
3.5 
3.6 
1.3 
5.4 
1.6 
2 .1  
2.3 
3.9 
2.6 
3.2 
1.1 
6.0 
1.3 
1.3 
1.4 
0.7 
0 
0.8 
0 
5.1 
1.8 
1 .9  
1.1 
2.4 
1.5 
1.6 
1.8 
Standard Deviat ion 183 
59 
625 
2500 
5625 
10000 
15625 
22500 
30625 
40000 
50625 
62500 
75625 
90000 
105625 
122500 
140625 
160000 
180625 
202500 
225625 
250000 
275625 
302500 
330625 
360000 
390625 
422500 
455625 
490000 
562500 
640000 
810000 
1000000 
1562500 
1822500 
2250000 
41250 
212500 
315000 
650000 
718750 
652500 
245000 
1120000 
658125 
750000 
302500 
1350000 
422500 
612500 
703125 
1280000 
903125 
1215000 
451250 
2500000 
551250 
605000 
661250 
360000 
0 
422500 
0 
2940000 
1125000 
1280000 
810000 
2000000 
1562500 
1822500 
2250000 
TABLE XXI 
FREQUENCY TABULATION OF FIBER DIAh!ETER OF AX2 NICKEL FIBER 
-
Sample 1 
Class 
Midpoint Class  
Microns X 
X Midpoint 
I 
1-3.7 
3.8-6.2 
6.3-8.7 
8.8-11.2 
11.3-13.7 
13.8-16,2 
16 3-18.7 
18.8-21.2 
21.3-23.7 
23.8-26.2 
26.3-27.5 
28.8-31.2 
31.3-33.7 
33.8-36.2 
36.3-38.7 
38.8-4 1 . 2  
41.3-43.7 
43.8-46.2 
46.3-48.7 
48.8-50 
2.5 
5.0 
7.5 
10.0 
12.5 
15.0 
17.5 
20.0 
22.5 
25.0 
27.5 
30.0 
32.5 
35.0 
37.5 
40.0 
42.5 
45.0 
47.5 
50.0 
Mean 15.4 
Median 10 .O-12.5 
Frequency 
F 
FX % 
of 
F X  To ta l  
47 
44 
43 
34 
35 
25 
20 
16 
9 
13 
6 
14 
4 
4 
8 
4 
6 
4 
3 
9 
117.5 
220.0 
322 5 
340.0 
437.5 
375.0 
350.0 
320.0 
202.5 
325.0 
165.0 
420.0 
130.0 
140.0 
300.0 
160.0 
255.0 
180.0 
142 5 
450.0 
2.2 
4 . 1  
6.0 
6.4 
8.2 
7.0 
6.5 
6 .O 
3.8 
6 .1  
3.1 
7.8 
2.4 
2.6 
5.6 
3 .O 
4.8 
3.4 
2.7 
8.4 
Standard Deviat ion 12.4 
X2 
6 
25 
56 
100 
156 
225 
306 
400 
506 
625 
756 
900 
1056 
1225 
1406 
1600 
1806 
2025 
2256 
2500 
F? 
282 
1100 
2408 
3400 
5460 
5625 
6120 
6400 
4554 
8125 
4536 
12600 
4224 
4900 
11248 
6400 
10836 
8100 
6768 
22500 
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TABLE X X I I  
FREQUENCY TABULATION OF F I B E R  DIAMETER OF A X 2  NICKEL FIBER I 
Sample 2 
Class  
Midpoint 
X 
Microns 
Class 
Midpoint 
X 
F r e q u e n c y  
F 
1- 3.7 
3.8- 6.2 
6.3- 8 .7  
8.8-11.2 
11.3-13.7 
13.8-16.2 
16.3-18 7 
18.8-21.2 
21.3-23.7 
23.8-26.2 
26.3-27.5 
28.8-31.2 
31.3-33.7 
33.8-36.2 
36.3-38.7 
38.8-41.2 
4 1  3-43.7 
43.8-46.2 
46.3-48.7 
48.8-50 
2.5 
5.0 
7.5 
10.0 
12.5 
15.0 
17.5 
20.0 
22.5 
25.0 
27.5 
30.0 
32.5 
35.0 
37.5 
40.0 
42.5 
45.0 
47.5 
50.0 
69 
48 
54 
48 
29 
31 
30 
23 
16 
28 
9 
15 
3 
8 
6 
3 
3 
3 
1 
4 
FX 
172.5 
240.0 
405.0 
480.0 
362.5 
465.0 
525.0 
460.0 
360.0 
700.0 
247.5 
450.0 
97.5 
280.0 
225.0 
120.0 
127.5 
135.0 
47.5 
200.0 
F X  % 
of 
T o t a l  
2.8 
3.9 
6.6 
7 .9  
5.9 
7.6 
8 .6  
7.5 
5.9 
11.5 
4 . 1  
7.4 
1 .6  
4.6 
3 .7  
2.0 
2 .1  
2.2 
0.8 
3.3 
6 
25 
56 
100 
156 
225 
306 
400 
506 
625 
756 
900 
1056 
1225 
1406 
1600 
1806 
2025 
2256 
2500 
431 
1200 
3024 
4800 
4524 
6975 
9180 
9200 
8096 
17500 
6804 
13500 
3168 
9800 
8436 
4800 
54 18 
6075 
2256 
10000 
Mean 14 .1  
Median 10.0-12.5 
Standard Deviat ion 11.4 
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TABLE X X I I I  
FREQUENCY TABULATION OF FIBER DIAMETER OF A X 1  NICKEL FIBER 
~~ ~- 
Diameter 
Class 
I n t  e r v a  1 
Microns 
Class  
Mid p o i n t  
X 
Microns 
FX '% 
F FX T o t a l  
Frequency  of 
1- 3.7 
3 ,8-  6.2 
6.3- 8.7 
8.8-11.2 
11.3-13.7 
13.8-16.2 
16.3-18.7 
18.8-21.2 
21.3-23 7 
23.8-26.2 
26.3-28.7 
28.8-3 1 .2  
3 1.3-33.7 
33.8-36.2 
36.3-38.7 
38.8-41.2 
4 1 3-43.7 
43.8-46.2 
46.3-48.7 
48.8-50 
2.5 
5.0 
7 .5  
10.0 
12.5 
15.0 
17.5 
20.0 
22.5 
25.0 
27.5 
30,O 
32.5 
35.0 
37.5 
40.0 
42.5 
45.0 
47.5 
50.0 
164 
99 
74 
80 
51 
23 
26 
17 
18 
30 
3 
12 
4 
7 
7 
1 
1 
1 
2 
12 
410.0 
495.0 
555.0 
800.0 
637.5 
345.0 
455.0 
340.0 
405.0 
750.0 
82.5 
360.0 
130 0 
245.0 
262 5 
40.0 
42.5 
45.0 
95,O 
600.0 
5.8 
7.0 
7.8 
11.3 
9.0 
4 , 9  
6.4 
4 .8  
5 .7  
10.6 
1.2 
5 . 1  
1.8 
3.4 
3 , 7  
0.6 
0.6 
0.6 
1 . 3  
8.4 
Mean 11.2 
Median 5.0-7.5 
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TABLE XXIV 
FREQUENCY TABULATION OF F I B E R  LENGTH 
O F  A X 1  M O D I F I E D  N I C K E L  F I B E R  
Class Midpoint  Frequency 
X Microns F 
I I 
50 
100 
150 
200 
250 
300 
350 
400 
450 
500 
550 
600 
650 
700 
750 
800 
850 
900 
950 
1000 
1050 
1100 
1150 
1200 
1250 
1300 
1350 
53 
78 
46 
48 
26 
22 
18 
7 
10 
6 
3 
2 
6 
1 
4 
1 
1 
1 
1 
Tota l  334 
F X  
F X  % 
of To ta l  
2650 
7800 
6900 
9600 
6500 
6600 
6300 
2800 
4500 
3000 
1650 
1200 
3900 
700 
3000 
950 
1200 
1300 
1350 
71,900 
3.7 
10.8 
9.6 
13.4 
9.0 
9.2 
8.8 
3.9 
6.3 
4.2 
2.3 
1.7 
5.4 
1.0 
4.2 
1.3 
1.7 
1.8 
1.9 
Mean 215 m i c r o n s  
Median 125-175 m i c r o n s  
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TABLE - XXV 
~ Tota l  267 
FREQUENCY TABULATION OF FIBER DIAMETER 
OF A X 1  MODIFIED NICKEL FIBER 
Class Midpoint 
X Microns 
2.5 
5.0 
7.5 
10.0 
12.5 
15.0 
17.5 
20.0 
22.5 
25.0 
27.5 
30.0 
32.5 
35.0 
37.5 
40.0 
42.5 
45.0 
Frequency 
F FX 
FX % 
of To ta l  
21 
45 
50 
26 
23 
22 
16 
12 
11 
5 
6 
9 
7 
3 
3 
1 
4 
3 
52.5 
22.5 
375 
260 
287.5 
330 
280 
240 
247.5 
125 
165 
270 
227.5 
105 
112.5 
40 
170 
135 
3647.5 
1.4 
6.2 
10.3 
7 .1  
7.9 
9.0 
7.7 
6.6 
6.8 
3.4 
4 . 5  
7.4 
6.2 
2 .9  
3.1 
1.1 
4 .7  
3 .7  
Mean 13.7 microns 
Median 8.75-11.25 microns 
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TABLE XXVI - I 
I 
I 
50 
100 
150 
200 
250 
300 
350 
400 
450 
500 
550 
600 
650 
700 
750 
800 
850 
900 
950 
1000 
1050 
1100 
1150 
1200 
1250 
I 1300 
1 
I 
FREQUENCY TABULATION OF FIBER LENGTH OF DX NICKEL FIBER 
11 550 0.4 
15 1500 1.0 
21 3150 2 .1  
16 3200 2 .1  
12 3000 2.0 
12 3600 2.3 
9 3150 2 .1  
11 4400 2.9 
12 5400 3.5 
11 5500 3 .6  
12 6600 4 .3  
6 3600 2.3 
15 9750 6.4 
7 4900 3.2 
10 7500 4.9 
9 7200 4 .7  
8 6800 4.4 
26 23400 15.3 
29 27550 17.9 
17 17000 11.1 
3 3150 2 . 1  
1 1100 0.7 
1 1300 0.8 
- 
Tota l  284 153,300 
I Mean 540 microns 
Median 575 microns 
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TABLE X X V I I  
FREQUENCY TABULATION OF F I B E R  DIAMETER O F  DX NICKEL F I B E R  
C l a s s  Midpoint  Frequency F X  % 
X Microns F F X  of Total 
2.5 
5 
7.5 
10 
12.5 
15 
17.5 
20 
22.5 
25 
27.5 
30 
32.5 
35 
37.5 
40 
42.5 
45 
47.5 
50 
52.5 
55 
57.5 
60 
62.5 
65 
67.5 
70 
72.5 
75 
77.5 
80 
82.5 
85 
87.5 
1 
1 
1 
1 
3 
2 
1 
1 
4 
2 
5 
4 
8 
8 
5 
9 
8 
7 
14 
15 
6 
9 
6 
13 
16 
17 
9 
11 
12 
8 
15 
5 
11 
9 
2.5 
5 
10 
12.5 
45 
35 
20 
22.5 
100 
55 
150 
130 
280 
300 
200 
382.5 
360 
332.5 
700 
787.5 
330 
517.5 
360 
812.5 
1040 
1147.5 
630 
797.5 
900 
620 
1200 
412.5 
935 
787.5 
0 
0 
0.1 
0 . 1  
0.3 
0.2 
0.1 
0.1 
0.6 
0.3 
0.9 
0.8 
1.7 
1.8 
1.2 
2.3 
2.2 
2.0 
4.2 
4.7 
2.0 
3.1 
2.2 
4.9 
6.2 
6.9 
3.8 
4.8 
5.4 
3.7 
7.2 
2.5 
5.6 
4.7 
i 
90 5 450 
92.5 5 462.5 
95 4 380 
97.5 1 97.5 
100 2 200 
102.5 
105 
107.5 2 215 
110 1 110 
112.5 1 112.5 
115 
117.5 
120 2 240 
T o t a l  270 16,687.5 
TABLE XXVII 
(Continued)  
2.7 
2.8 
2.3 
0.6 
1.2 
1.3 
0.7 
0.7 
1.4 
Mean 61.8 microns 
Median 63.75 - 66.25 microns  
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TABLE X X V I I I  
0 . 5  
1 
1 . 5  
2 
2 . 5  
3 
3 .5  
4 
4 . 5  
5 
5 . 5  
6 
6 . 5  
7 
7 . 5  
8 
8 . 5  
9 
9 . 5  
10 
10 .5  
11 
1 1 . 5  
FREQUENCY TABULATION O F  F I B E R  T H I C K N E S S  O F  
DX N I C K E L  F I B E R  
4 2 1 . 0  
21  21  10 .2  
22 33 1 6 . 0  
12 24 11 .7  
8 20 9 . 7  
7 2 1  10 .2  
1 3 . 5  1 . 7  
3 12 5 .8  
2 9 4 .4  
1 5 2 . 4  
2 11 5 . 3  
2 1 5  7 . 3  
1 8.5 4 . 1  
1 9 . 5  4 . 6  
1 1 1 . 5  5 .6  
- 
T o t a l  88 206 
Class Midpoint Frequency F X  % 
X Microns F F X  of T o t a l  
Mean 2.34 mic rons  
Median 1 .25  - 1.75 mic rons  
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